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ANT I SENSE MODULATION OF CD81 EXPRESSION 



FIELD OF THE INVENTION 

The present invention provides compositions and methods for 
modulating the expression of CD81. In particular, this 
invention relates to compounds, particularly oligonucleotides, 
specifically hybridizable with nucleic acids encoding CD81. 
Such compounds have been shown to modulate the expression of 
CD81. 

BACKGROUND OF THE INVENTION 

The tetraspanins (also known as the TM4 superfamily or 
TM4SF) comprise a large family of proteins originally identified 
as leukocyte antigens. They have been shown to influence cell 
adhesion and migration, to alter cell morphology and to affect 
the activation state of a cell. Antibodies to tetraspanins 
induce intracellular signaling that is required for functional 
effects such as adhesion. A common characteristic of 
tetraspanins is a propensity to physically associate with a 
variety of other membrane proteins such as integrins, lineage 
specific molecules and other tetraspanins (Levy et al . , Annu. 
Rev. Immunol., 1998, 16, 89-109). 

CD81 (also known as target of antiproliferative antibody 
1, TAPA-1 and CD81 antigen) is a 26-kDa cell surface protein 
composed of four transmembrane and two extracellular domains. It 
exhibits an overall topology common to the tetraspanins (Levy et 
al., Annu. Rev. Immunol., 1998, 16, 89-109). CD81 has been 
cloned and mapped to chromosome llpl5.5 (Oren et al . , Mol . Cell 
Biol., 1990, 10, 4007-4015; Virtaneva et al . , Immunogenetics , 
1994, 39, 329-334) . 

Disclosed and claimed in PCT publication WO 99/19198 are a 
transgenic non-human animal carrying a transgene encoding CD81 
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protein, a nucleic acid molecule which encodes a CD81 protein, 
and a nucleic acid molecule which hybridizes to said nucleic 
acid molecule under both standard conditions and conditions of 
high stringency (Abrignani and Grandi, 1999) . 

CD81 is expressed on the cell surfaces of most human 
tissues with the notable exceptions of red blood cells and 
platelets. The fact that CD81 was discovered in many different 
biological assays implies that it is involved in many different 
cellular functions that are manifested differently in the 
various cell types (Levy et al . , Annu. Rev. Immunol., 1998, 16, 
89-109) . 

CD81 forms several different molecular complexes. It 
associates on the surface of B-cells with B-cell-specif ic 
molecules CD19 and CD21, interferon inducible antigen Leu-13, 
MHC-class II molecules, integrins and other tetraspanins (Levy 
et al., Annu. Rev. Immunol., 1998, 16, 89-109). CD81 
associations on the surface of T-cells include CD82, CD4, CD8 
and alpha- 4 -beta- 1 integrin (Levy et al . , Annu. Rev. Immunol., 
1998, 16, 89-109) . Cross-linking of CD81 to various cell types 
may affect different sets of associated proteins expressed by 
the cells . 

Biological functions of CD81 have been delineated via the 
use of anti-CD81 antibodies and include antiproliferative 
effects, adhesion, induction of changes in cell morphology and 
release or tumor necrosis factor-alpha (Levy et al . , Annu. Rev. 
Immunol., 1998, 16, 89-109). 

CD81 has been identified as a potential receptor for entry 
of the hepatitis C virus via the HCV E2 envelope protein, a 
finding which may contribute to the elucidation of the 
pathogenesis of HCV-associated diseases and aid in the 
development of new therapeutic strategies directed at virus 
binding interference (Pileri et al . , Science, 1998, 282, 938- 
941) . Studies by Bisceglie support the CD81-HCV E2 interaction 
as a target for future antiviral therapies (Bisceglie, Am. J. 
Med., 1999, 107, 45S-48S) . Disclosed and claimed in PCT 
publication WO 01/58459 is a substance inhibiting the binding of 
HCV E2/NS1 protein to cells having the potential to be infected 
with HCV, including cells expressing CD81 (Shibui et al . , 2001). 
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Inhibition of protein-protein interactions involving CD81 
interactions are well known in the art. For example, Fleming et 
al. have shown that antibodies recognizing CD81 inhibit mast 
cell degranulation mediated by the high affinity receptor of 
immunoglobulin E, indicating an unsuspected calcium- independent 
pathway of antigen receptor regulation which is accessible to 
engagement by membrane proteins and on which novel therapeutic 
approaches to allergic diseases could be based (Fleming et al . , 
jr. Exp. Med., 1997, 186, 1307-1314). 

CD81-null mice undergo normal development of thymocytes and 
express normal quantities of T-cells and B-cells but they 
express lower levels of CD19, indicating that CD81 is not 
required for maturation of T-cells but is important for optimal 
expression of CD19 on B-cells and optimal stimulation of 
antibody production (Maecker and Levy, J" . Exp. Med., 1997, 185, 
1505-1510) . CD81-def icient mice were reported to have diminished 
allergen-induced airway hyper-reactivity due to alterations in 
local cytokine production, indicating that further dissection of 
the immunological and physiological defect of these mice may 
provide targets for the development of new anti-asthma therapies 
(Deng et al., J . Immunol., 2000, 165, 5054-5061). 

CD81-def icient mice were also reported to have an altered 
sensitivity to the neurobehavioral effects of cocaine, 
indicating that CD81 is involved in mediating the acute and/or 
long-term neural responsiveness to cocaine (Michna et al . , Mol . 
Brain Res., 2001, 90, 68-74). Furthermore, upregulation of CD81 
expression in the nucleus accumbens of cocaine-treated rats 
provides support for the latter investigation (Brenz Verca et 
al., Mol. Cell. Neurosci . , 2001, 27, 303-316). 

Since CD81 acts as an HCV receptor and immune regulator and 
is known to influence responsiveness to cocaine, its selective 
inhibition may be a potential strategy with which to derive 
treatments for viral infections, autoimmune disorders and 
cocaine addiction. 

Disclosed and claimed in PCT publication WO 98/25647 is a 
method of inhibiting passive cutaneous anaphylaxis in a mammal 
comprising administering to the mammal an effective amount of an 
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agent which inhibits CD81 -mediated signal transduction (Fleming 
and Kinet, 1998) . 

Currently, there are no known therapeutic agents that 
effectively inhibit the synthesis of CD81. To date, 
investigative strategies aimed at modulating CD81 expression 
have involved the use of antibodies and gene knock-outs in mice. 
Consequently, there remains a long felt need for agents capable 
of effectively inhibiting CD81 function. 

Antisense technology is emerging as an effective means for 
reducing the expression of specific gene products and may 
therefore prove to be uniquely useful in a number of 
therapeutic, diagnostic, and research applications for the 
modulation of expression of CD81. 

The present invention provides compositions and methods for 
modulating expression of CD81. 



SUMMARY OF THE INVENTION 

The present invention is directed to compounds, 
particularly antisense oligonucleotides, which are targeted to a 
nucleic acid encoding CD81, and which modulate the expression of 
CD81. Pharmaceutical and other compositions comprising the 
compounds of the invention are also provided. Further provided 
are methods of modulating the expression of CD81 in cells or 
tissues comprising contacting said cells or tissues with one or 
more of the antisense compounds or compositions of the 
invention. Further provided are methods of treating an animal, 
particularly a human, suspected of having or being prone to a 
disease or condition associated with expression of CD81 by 
administering a therapeutically or prophylactically effective 
amount of one or more of the antisense compounds or compositions 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention employs oligomeric compounds, 
particularly antisense oligonucleotides, for use in modulating 
the function of nucleic acid molecules encoding CD81, ultimately 
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modulating the amount of CD81 produced. This is accomplished by 
providing antisense compounds which specifically hybridize with 
one or more nucleic acids encoding CD81. As used herein, the 
terms "target nucleic acid" and "nucleic acid encoding CD81" 
encompass DNA encoding CD81, RNA (including pre-mRNA and mRNA) 
transcribed from such DNA, and also cDNA derived from such RNA. 
The specific hybridization of an oligomeric compound with its / 
target nucleic acid interferes with the normal function of the 
nucleic acid. This modulation of function of a target nucleic 
acid by compounds which specifically hybridize to it is 
generally referred to as "antisense" . The functions of DNA to 
be interfered with include replication and transcription. The 
functions of KNA to be interfered with include all vital 
functions such as, for example, translocation of the RNA to the 
site of protein translation, translation of protein from the 
RNA, splicing of the RNA to yield one or more mRNA species, and 
catalytic activity which may be engaged in or facilitated by the 
RNA. The overall effect of such interference with target 
nucleic acid function is modulation of the expression of CD81. 
In the context of the present invention, "modulation" means 
either an increase (stimulation) or a decrease (inhibition) in 
the expression of a gene. In the context of the present 
invention, inhibition is the preferred form of modulation of 
gene expression and mRNA is a preferred target. 

It is preferred to target specific nucleic acids for 
antisense. "Targeting" an antisense compound to a particular 
nucleic acid, in the context of this invention, is a multistep 
process. The process usually begins with the identification of 
a nucleic acid sequence whose function is to be modulated. This 

> may be, for example, a cellular gene (or' mRNA transcribed from 
the gene) whose expression is associated with a particular 
disorder or disease state, or a nucleic acid molecule from an 
infectious agent. In the present invention, the target is a 
nucleic acid molecule encoding CD81. The targeting process also 

> includes determination of a site or sites within this gene for 
the antisense interaction to occur such that the desired effect, 
e.g., detection or modulation of expression of the protein, will 
result. Within the context of the present invention, a 



WO 03/053342 PCT/US02/39182 
RTSP-0443 -6- 

preferred intragenic site is the region encompassing the 
translation initiation or termination codon of the open reading 
frame (ORF) of the gene. Since, as is known in the art, the 
translation initiation codon is typically 5 1 -AUG (in transcribed 
mRNA molecules; 5 ' -ATG in the corresponding DNA molecule), the 
translation initiation codon is also referred to as the "AUG 
codon, " the "start codon" or the "AUG start codon". A minority 
of genes have a translation initiation codon having the RNA 
sequence 5'-GUG, 5 ? -UUG or 5'-CUG, and 5 ' -AUA, 5 ' -ACG and 5 ■ -CUG 
have been shown to function in vivo. Thus, the terms 
"translation initiation codon" and "start codon" can encompass 
many codon sequences, even though the initiator amino acid in 
each instance is typically methionine (in eukaryotes) or 
f ormylmethionine (in prokaryotes) . It is also known in the art 
that eukaryotic and prokaryotic genes may have two or more 
alternative start codons, any one of which may be preferentially 
utilized for translation initiation in a particular cell type or 
tissue, or under a particular set of conditions. In the context 
of the invention, "start codon" and "translation initiation 
codon" refer to the codon or codons that are used in vivo to 
initiate translation of an mRNA molecule transcribed from a gene 
encoding CD81, regardless of the sequence (s) of such codons. 

It is also known in the art that a translation termination 
codon (or "stop codon") of a gene may have one of three 
sequences , i.e., 5 ' -UAA, 5 1 -UAG and 5 1 -UGA (the corresponding 
DNA sequences are 5 1 -TAA, 5 1 -TAG and 5 1 -TGA, respectively). The 
terms "start codon region" and "translation initiation codon 
region" refer to a portion of such an mRNA or gene that 
encompasses from about 2 5 to about 50 contiguous nucleotides in 

> either direction (i.e., 5* or 3 ' ) from a translation initiation 
codon. Similarly, the terms "stop codon region" and 
"translation termination codon region" refer to a portion of 
such an mRNA or gene that encompasses from about 2 5 to about 50 
contiguous nucleotides in either direction (i.e., 5 1 or 3 ' ) from 

i a translation termination codon. 

The open reading frame (ORF) or "coding region, " which is 
known in the art to refer to the region between the translation 
initiation codon and the translation termination codon, is also 
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a region which may be targeted effectively. Other target 
regions include the 5' untranslated region (5'UTR), known in the 
art to refer to the portion of an mRNA in the 5 ' direction from 
the translation initiation codon, and thus including nucleotides 
between the 5 1 cap site and the translation initiation codon of. 
an mRNA or corresponding nucleotides on the gene, and the 3' 
untranslated region (3'UTR), known in the art to refer to the 
portion of an mRNA in the 3 ■ direction from the translation 
termination codon, and thus including nucleotides between the 
translation termination codon and 3 ■ end of' an mRNA or 
corresponding nucleotides on the gene. The 5' cap of an mRNA 
comprises an N7 -methylated guanosine residue joined to the 5 1 - 
most residue of the mRNA via a 5 '-5' triphosphate linkage. The 
5' cap region of an mRNA is considered to include the 5 1 cap 
structure itself as well as the first 50 nucleotides adjacent to 
the cap. The. 5' cap region may also be a preferred target 
region . 

Although some eukaryotic mRNA transcripts are directly 
translated, many contain one or more regions, known as 
"introns, " which are excised from a transcript before it is 
translated. The remaining (and therefore translated) regions 
are known as "exons" and are spliced together to form a 
continuous mRNA sequence. mRNA splice sites, i.e., intron-exon 
junctions, may also be preferred target regions, and are 
particularly useful in situations where aberrant splicing is 
implicated in disease, or where an overproduction of a 
particular mRNA splice product is implicated in disease. 
Aberrant fusion junctions due to rearrangements or deletions are 
also preferred targets. It has also been found that introns can 
also be effective, and therefore preferred, target regions for 
antisense compounds targeted, for example, to DNA or pre-mRNA. 

It is also known in the art that alternative RNA 
transcripts can be produced from the same genomic region of DNA. 
These alternative transcripts are generally known as "variants". 
More specifically, "pre-mRNA variants" are transcripts produced 
from the same genomic DNA that differ from other transcripts 
produced from the same genomic DNA in either their start or stop 
position and contain both intronic and extronic regions . 
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Upon excision of one or more exon or intron regions or portions 
thereof during splicing, pre-mRNA variants produce smaller "mRNA 
variants". Consequently, mRNA variants are processed pre-mRNA 
variants and each unique pre-mRNA variant must always produce a 
unique mRNA variant as a result of splicing. These mRNA 
variants are also known as "alternative splice variants". If no 
splicing of the pre-mRNA variant occurs then the pre-mRNA 
variant is identical to the mRNA variant. 

It is also known in the art that variants can be produced 
through the use of alternative signals to start or stop 
transcription and that pre-mRNAs and mRNAs can possess more that 
one start codon or stop codon. Variants that originate from a 
pre-mRNA or mRNA that use alternative start codons are known as 
"alternative start variants" of that pre-mRNA or mRNA. Those 
transcripts that use an alternative stop codon are known as 
"alternative stop variants" of that pre-mRNA or mRNA. One 
specific type of alternative stop variant is the "polyA variant" 
in which the multiple transcripts produced result from the 
alternative selection of one of the "polyA stop signals" by the 
transcription machinery, thereby producing transcripts that 
terminate at unique polyA sites . 

Once one or more target sites have been identified, 
oligonucleotides are chosen which are sufficiently complementary 
to the target, i.e., hybridize sufficiently well and with 
sufficient specificity, to give the desired effect - 

In the context of this invention, "hybridization" means 
hydrogen bonding, which may be Watson-Crick, Hoogsteen or 
reversed Hoogsteen hydrogen bonding, between complementary 
nucleoside or nucleotide bases. For example, adenine and 
•thymine are complementary nucleobases which pair through the 
formation of hydrogen bonds. "Complementary," as used herein, 
refers to the capacity for precise pairing between two 
nucleotides. For example, if a nucleotide at a certain position 
of an oligonucleotide is capable of hydrogen bonding with a 
nucleotide at the same position of a DNA or RNA molecule, then 
the oligonucleotide and the DNA or RNA are considered to be 
complementary to each other at that position. The 
oligonucleotide and the DNA or RNA are complementary to each 
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other when a sufficient number of corresponding positions in 
each molecule are occupied by nucleotides which can hydrogen 
bond with each other. Thus, "specifically hybridizable" and 
"complementary" are terms which are used to indicate a 
sufficient degree of complementarity or precise pairing such 
that stable and specific binding occurs between the 
oligonucleotide and the DNA or RNA target. It is understood in 
the art that the sequence of an anti sense compound need not be 
100% complementary to that of its target nucleic acid to be 
specifically hybridizable. An antisense compound is 
specifically hybridizable when binding of the compound to the 
target DNA or RNA molecule interferes with the normal function 
of the target DNA or RNA to cause a loss of utility, and there 
is a sufficient degree of complementarity to avoid non-specific 
binding of the antisense compound to non-target sequences under 
conditions in which specific binding is desired, i.e., under 
physiological conditions in the case of in vivo assays or 
therapeutic treatment, and in the case of in vitro assays, under 
conditions in which the assays are performed. 

Antisense and other compounds of the invention which 
hybridize to the target and inhibit expression of the target are 
identified through experimentation, and the sequences of these 
compounds are hereinbelow identified as preferred embodiments of 
the invention. The target sites to which these preferred 
sequences are complementary are hereinbelow referred to as 
"active sites" and are therefore preferred sites for targeting. 
Therefore another embodiment of the invention encompasses 
compounds which hybridize to these active sites . 

Antisense compounds are commonly used as research reagents 
and diagnostics. For example, antisense oligonucleotides, which 
are able to inhibit gene expression with exquisite specificity, 
are often used by those of ordinary skill to elucidate the 
function of particular genes. Antisense compounds are also 
used, for example, to distinguish between functions of various 
members of a biological pathway. Antisense modulation has, 
therefore, been harnessed for research use. 

For use in kits and diagnostics, the antisense compounds of 
the present invention, either alone or in combination with other 
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antisense compounds or therapeutics, can be used as tools in 
differential and/or combinatorial analyses to elucidate 
expression patterns of a portion or the entire complement of 
g enes expressed within cells and tissues. 

Expression patterns within cells or tissues treated with 
one or more antisense compounds are compared to control cells or 
tissues not treated with antisense compounds and the patterns 
produced are analyzed for differential levels of gene expression 
as they pertain, for example, to disease association, signaling 
pathway, cellular localization, expression level, size, 
structure or function of the genes examined. These analyses can 
be performed on stimulated or unstimulated cells and in the 
presence or absence of other compounds which affect expression 
patterns . 

Examples of methods of gene expression analysis known in 
the art include DNA arrays or microarrays (Brazma and Vilo, FEBS 
Lett., 2000, 480, 17-24; Celis, et al . , FEBS Lett. , . 2000, 480, 
2-16), SAGE (serial analysis of gene expression) (Madden, et al . , 
Drug Discov. Today, 2000, 5, 415-425), READS (restriction enzyme 
amplification of digested cDNAs) (Prashar and Weissman, Methods 
Enzymol., 1999, 303, 258-72), TOGA (total gene expression 
analysis) (Sutcliffe, et al . , Proc. Natl. Acad. Sci. U. S. A., 
2000, 97, 1976-81), protein arrays and proteomics (Celis, et 
al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al . , 
Electrophoresis, 1999, 20, 2100-10), expressed sequence tag 
(EST) sequencing (Celis, et al., FEBS Lett., 2000, 480, 2-16; 
Larsson, et al . , J". Biotechnol. , 2000, 80, 143-57), subtractive 
RNA fingerprinting (SuRF) (Fuchs, et al . , Anal. Biochem. , 2000, 
286, 91-98; Larson, et al . , Cytometry, 2000, 41, 203-208), 
subtractive cloning, differential display (DD) (Jurecic and 
Belmont, Curr. Opin. Microbiol., 2000, 3, 316-21), comparative 
genomic hybridization (Carulli,.et al., J. Cell Biochem. Suppl . , 
1998, 31, 286-96) , FISH (fluorescent in situ hybridization) 
techniques (Going and Gusterson, Eur. J. Cancer, 1999, 35, 1895- 
904) and mass spectrometry methods (reviewed in (To, Comb. Chem. 
High Throughput Screen, 2000, 3, 235-41). 

The specificity and sensitivity of antisense is also 
harnessed by those of skill in the art for therapeutic uses. 
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Anti sense oligonucleotides have been employed as therapeutic 
moieties in the treatment of disease states in animals and man. 
Antisense oligonucleotide drugs, including ribozymes, have been 
safely and effectively administered to humans and numerous 
clinical trials are presently underway. It is thus established 
that oligonucleotides can be useful therapeutic modalities that 
can be configured to be useful in treatment regimes for 
treatment of cells, tissues and animals, especially humans. 

In the context of this invention, the term 
"oligonucleotide" refers to an oligomer or polymer of 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) or 
mimetics thereof. This term includes oligonucleotides composed 
of naturally-occurring nucleobases, sugars and covalent 
internucleoside (backbone) linkages as well as oligonucleotides 
having non-naturally-occurring portions which function 
similarly. Such modified or substituted oligonucleotides are 
often preferred over native forms because of desirable 
properties such as, for example, enhanced cellular uptake, 
enhanced affinity for nucleic acid target and increased 
stability in the presence of nucleases. 

While antisense oligonucleotides are a preferred form of 
antisense compound, the present invention comprehends other 
oligomeric antisense compounds, including but not limited to 
oligonucleotide mimetics such as are described below. The 
antisense compounds in accordance with this invention preferably 
comprise from about 8 to about 50 nucleobases (i.e. from about 8 
to about 50 linked nucleosides) . Particularly preferred 
antisense compounds are antisense oligonucleotides, even more 
preferably those comprising from about 12 to about 3 0 
nucleobases. Antisense compounds include ribozymes, external 
guide sequence (EGS) oligonucleotides (oligozymes) , and other 
short catalytic RNAs or catalytic oligonucleotides which 
hybridize to the target nucleic acid and modulate- its 
expression. 

As is known in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally a 
heterocyclic base. The two most common classes of such 
heterocyclic bases are the purines and the pyrimi dines. 
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Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the sugar portion of the nucleoside. 
For those nucleosides that include a pentof uranosyl sugar, the 
phosphate group can be linked to either the 2', 3' or 5' 
hydroxyl moiety of the sugar. In forming oligonucleotides, the 
phosphate groups covalently link adjacent nucleosides to one 
another to form a linear polymeric compound. In turn the 
respective ends of this linear polymeric structure can be 
further joined to form a circular structure, however, open , 
linear structures are generally preferred. Within the 
oligonucleotide structure, the phosphate groups are commonly 
referred to as forming the internucleoside backbone of the 
oligonucleotide. The normal linkage or backbone of RNA and DNA 
is a 3' to 5' phosphodiester linkage. 

Specific examples of preferred antisense compounds useful 
in this invention include oligonucleotides containing modified 
backbones or non-natural internucleoside linkages. As defined 
in this specification, oligonucleotides having modified 
backbones include those that retain a phosphorus atom in the 
backbone and those that do not have a phosphorus atom in the 
backbone. For the purposes of this specification, and as 
sometimes referenced in the art, modified oligonucleotides that 
do not have a phosphorus atom in their internucleoside backbone 
can also be considered to be oligonucleosides . 

Preferred modified oligonucleotide backbones include, for 
example, phosphorothioates , chiral phosphorothioates , phosphoro- 
dithioates , phosphotriesters , aminoalkylphosphotriesters , methyl 
and other alkyl phosphonates including 3'-alkylene phosphonates, 
5 • -alkylene phosphonates and chiral phosphonates, phosphinates, 
phosphoramidates including 3 ' -amino phosphoramidate and 
aminoalkylphosphorami dates , thionophosphorami dates , thionoalkyl- 
phosphonates, thionoalkylphosphotriesters , selenophosphates and 
boranophosphates having normal 3' -5' linkages, 2 ' -5' linked 
analogs of these, and those having inverted polarity wherein one 
or more internucleotide linkages is a 3 1 to 3 ' , 5' to 5 1 or 2 ' 
to 2' linkage. Preferred oligonucleotides having inverted 
polarity comprise a single 3 1 to 3 ' linkage at the 3 ' -most 
internucleotide linkage i.e. a single inverted nucleoside 
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residue which may be abasic (the nucleobase is missing or has a 
hydroxyl group in plaice thereof) . Various salts, mixed salts 
and free acid forms are also included. 

Representative United States patents that teach the 
preparation of the above phosphorus-containing linkages include, 
but are not limited to, U.S.: 3,687,808; 4,469,863; 4,476,301; 
5,023,243; 5,177,196; 5,188,897; 5,264,423; 5,276,019; 
5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939; 
5,453,496; 5 , 455 , 233 ; 5 , 466 , 677 ; 5,476,925; 5,519,126; 
5,536,821; 5,541,306; 5,550,111; 5,563,253; 5,571,799; 
5,587,361; 5,194,599; 5,565,555; 5,527,899; 5,721,218; 5,672,697 
and 5,625,050, certain of which are commonly owned with this 
application, and each of which is herein incorporated by 
reference. 

Preferred modified oligonucleotide backbones that do not 
include a phosphorus atom therein have backbones that are formed 
by short chain alkyl or cycloalkyl internucleoside linkages, 
mixed heteroatom and alkyl or cycloalkyl internucleoside 
linkages, or one or more short chain heteroatomic or 
heterocyclic internucleoside linkages. These include those 
having morpholino linkages (formed in part from the sugar 
portion of a nucleoside); siloxane backbones;' sulfide, sulfoxide 
and sulfone backbones; formacetyl and thiof ormacetyl backbones; 
methylene formacetyl and thiof ormacetyl backbones; riboacetyl 
backbones; alkene containing backbones; sulfamate backbones; 
methyl eneimino and methylenehydrazino backbones; sulfonate and 
sulfonamide backbones; amide backbones; and others having mixed 
N, O, S and CH 2 component parts. 

Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are not 
limited to, U.S.: 5,034,506; 5,166,315; 5,185,444; 5,214,134; 
5,216,141; 5,235,033; 5,264,562; 5,264,564; 5,405,938; , 
5,434,257; 5,466,677,-5,470,967; 5,489,677; 5, 541,307; 
5,561,225; 5,596,086; 5,602,240; 5,610,289; 5,602,240; 
5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 
5,633,360; 5,677,437; 5,792,608; 5,646,269 and 5,677,439, 
certain of which are commonly owned with this application, and 
each of which is herein incorporated by reference. 
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In other preferred oligonucleotide mimetics, both the sugar 
and the internucleoside linkage, i.e., the backbone, of the 
nucleotide units are replaced with novel groups. The base units 
are maintained for hybridization with an appropriate nucleic 
acid target compound. One such oligomeric compound, an 
oligonucleotide mimetic that has been shown to have excellent 
hybridization .properties, is referred to as a peptide nucleic 
acid (PNA) . In PNA compounds, the sugar-backbone of an 
oligonucleotide is replaced with an amide containing backbone, 
in particular an aminoethylglycine backbone. The nucleobases 
are retained and are bound directly or indirectly to aza 
nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the preparation 
of PNA compounds include, but are not limited to, U.S.: 
5,539,082; 5,714,331; and 5,719,262, each of which is herein 
incorporated by reference. Further teaching of PNA compounds 
can be found in Nielsen et al . , Science, 1991, 254, 1497-1500. 

Most preferred embodiments of the invention are 
oligonucleotides with phosphorothioate backbones and 
oligonucleosides with heteroatom backbones, and in particular - 
CH 2 -NH-0-CH 2 -, -CH 2 -N(CH 3 ) -0-CH 2 - [known as a methylene 
(methylimino) or MI backbone] , -CH 2 -0-N (CH 3 ) -CH 2 - , -CH 2 -N (CH 3 ) - 
N(CH 3 )-CH 2 - and -0-N (CH 3 ) -CHj-CI^- [wherein the native 
phosphodiester backbone is represented as -0-P-0-CH 2 -] of the 
above referenced U.S. patent 5,489,677, and the amide backbones 
of the above referenced U.S. patent 5,602,240. Also preferred, 
are oligonucleotides having morpholino backbone structures of - 
the above-referenced U.S. patent 5,034,506. 

Modified oligonucleotides may also contain one or more 
substituted sugar moieties. Preferred oligonucleotides comprise 
one of the following at the 2' position: OH; F; O-, S-, or N- 
alkyl; O-, S- , or N-alkenyl; 0-, S- or N-alkynyl; or O-alkyl-0- 
alkyl, wherein the alkyl, alkenyl and alkynyl may be substituted 
or unsubstituted C 2 to C 10 alkyl or C 2 to C 10 alkenyl and alkynyl. 
Particularly preferred are 0[ (CH 2 ) n 0] n CH 3 , 0(CH 2 ) n OCH 3 , 0(CH 2 ) n NH 2 , 
OfCH^CH,, 0(CH 2 ) n ONH 2 , and O (CH 2 ) n 0N [ (CEL.) n CH 3 ) ] 2 , where n and m are 
from 1 to about 10. Other preferred oligonucleotides comprise 
one of the following 1 at the 2' position: C x to C 10 lower alkyl. 
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substituted lower alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O- 
alkaryl or O-aralkyl, SH, SCH 3 , OCN, CI, Br, CN, CF 3 , OCF 3 , SOCH 3 , 
S0 2 CH 3 , ON0 2 , N0 2 , N 3 , NH 2 , heterocycloalkyl , heterocycloalkaryl , 
aminoalkylamino, polyalkylamino, substituted silyl, an RNA 
cleaving group, a reporter group, an intercalator , a group for 
improving the pharmacokinetic properties of an oligonucleotide, 
or a group for improving the pharmacodynamic properties of an 
oligonucleotide, and other substituents having similar 
properties. A preferred modification includes 2 ' -methoxyethoxy 
(2'-0-CH 2 CH 2 OCH 3 , also known as 2 1 -O- (2-methoxyethyl) or 2 , -MOE) 
(Martin et al . , Helv. Chim. Acta, 1995, 78, 486-504) i.e., an 
alkoxyalkoxy group. A further preferred modification includes 
2'-dimethylaminooxyethoxy, i.e. , a 0(CH 2 ) 2 ON(CH 3 ) 2 group, also 
known as 2'-DMAOE, as described in examples hereinbelow, and 2'- 
dimethylaminoethoxyethoxy (also known in the art as 2 ' -CD- 
dime thy laminoethoxyethyl or 2 ' -DMAEOE) , i.e., 2 1 -0-CH 2 -0-CH 2 - 
N(CH 2 ) 2 , also described in examples hereinbelow. 

A further pref ered modification includes Locked Nucleic 
Acids (LNAs) in which the 2 ' -hydroxy 1 group is linked to the 3' 
or 4' carbon atom of the sugar ring thereby forming a bicyclic 
sugar moiety. The linkage is preferably a methelyne (-CH 2 -) n 
group bridging the 2' oxygen atom and the 4' carbon atom wherein 
n is 1 or 2. LNAs and preparation thereof are described in WO 
•98/39352 and WO 99/14226. 

Other preferred modifications include 2 ' -methoxy (2'-0-CH 3 ), 
2 ' -aminopropoxy (2 1 -0CH 2 CH 2 CH 2 NH 2 ) , 2 • -allyl (2 ' -CH 2 -CH=CH 2 ) , 2 » -O- 
allyl (2 , -0-CH 2 -CH=CH 2 ) and 2 - -f luoro (2 , -F). The 2»- 
modification may be in the arabino (up) position or ribo (down) 
position. A preferred 2 1 -arabino modification is 2'-F. Similar 
modifications may also be made at other positions on the 
oligonucleotide, particularly the 3 1 position of the sugar on 
the 3' terminal nucleotide or in 2'-5 # linked oligonucleotides 
and the 5' position of 5' terminal nucleotide. Oligonucleotides 
may also have sugar mimetics such as cyclobutyl moieties in 
place of the pentofuranosyl sugar. Representative United States 
patents that teach the preparation of such modified sugar 
structures include, but are not limited to, U.S.: 4,981,957; 
5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 
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5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427; 
5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 
5,646,265; 5,658,873; 5,670,633; 5,792,747; and 5,700,920, 
certain of which are commonly owned with the instant 
application, and each of which is herein incorporated by 
reference in its entirety. 

Oligonucleotides may also include nucleobase (often 
referred to in the art simply as "base") modifications or 
substitutions. As used herein, "unmodified" or "natural" 
nucleobases include the purine bases adenine (A) and guanine 
(G) , and the pyrimidine bases thymine (T) , cytosine (C) and 
uracil (U) . Modified nucleobases include other synthetic and 
natural nucleobases such as 5-methylcytosine (5-me-C) , 5~ 
hydroxymethyl cytosine, xanthine, hypoxanthine, 2 -amino adenine, 

6- methyl and other alkyl derivatives of adenine and guanine, 2- 
propyl and other alkyl derivatives of adenine and guanine, 2- 
thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and 
cytosine, 5-propynyl (-C=C-CH 3 ) uracil and cytosine and other 
alkynyl derivatives of pyrimidine bases, 6-azo uracil, cytosine 
and thymine, 5-uracil (pseudouracil) , 4-thiouracil , 8-halo, 8- 
amino, 8-thiol, 8-thioalkyl, 8-hydroxyI and other 8-substituted 
adenines and guanines, 5 -halo particularly 5-bromo, 5- 

trif luoromethyl and other 5-substituted uracils and cytosines, 

7- methylguanine and 7-methyladenine, 2-F-adenine, 2 -amino- 
adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7- 
deazaadenine and 3-deazaguanine and 3-deazaadenine . Further 
modified nucleobases include tricyclic pyrimidines such as 
phenoxazine cytidine (lH-pyrimido [5, 4-b] [1, 4]benzoxazin-2 (3H) - 
one), phenothiazine cytidine (lH-pyrimido [5 , 4- 

b] [1, 4]benzothiazin-2 (3H) -one) , G-clamps such as a substituted 
phenoxazine cytidine (e.g. 9- (2-aminoethoxy) -H-pyrimido [5 , 4- 
b] [1, 4]benzoxazin-2 (3H) -one) , carbazole cytidine (2H- 
pyrimido [4, 5-b] indol-2-one) , pyridoindole cytidine (H- 
pyrido[3 f ,2' : 4 , 5] pyrrolo [2 , 3-d]pyrimidin-2-one) . Modified 
nucleobases may also include those in which the purine or 
pyrimidine base is replaced with other heterocycles, for example 
7_3 eaz a-adenine, 7-deazaguanosine, 2-aminopyridine and 2- 
pyridone. Further nucleobases include those disclosed in United 
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States Patent No. 3,687,808, those disclosed in The Concise 
Encyclopedia Of Polymer Science And Engineering, pages 858-859, 
Kroschwitz, J.I., ed. John Wiley & Sons, 1990, those disclosed 
by Englisch. et al . , Angewandte Chemie, International Edition, 
1991, 30, 613, and those disclosed by Sanghvi, Y.S., Chapter 15, 
Antisense Research and Applications, pages 289-302, Crooke, S.T. 
and Lebleu, B. , ed. , CRC Press, 1993. Certain of these 
nucleobases are particularly useful for increasing the binding 
affinity of the oligomeric compounds of the invention. These 
include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and 0-6 substituted purines, including 2-aminopropyladenine, 5- 
propynyluracil and 5-propynylcytosine . 5-methylcytosine 
substitutions have been shown to increase nucleic acid duplex 
stability by 0.6-1. 2°C (Sanghvi, Y.S., Crooke, S.T. and Lebleu, 
B., eds., Antisense Research and Applications, CRC Press, Boca 
Raton, 1993, pp. 276-278) and are presently preferred base 
substitutions, even more particularly when combined with 2 ' -O- 
methoxyethyl sugar modifications. 

Representative United States patents that teach the 
preparation of certain of the above noted modified nucleobases 
as well as other modified nucleobases include, but are not 
limited to, the above noted U.S. 3,687,808, as well as U.S.: 
4,845,205; 5,130,302; 5,134,066; 5,175,273; 5,367,066; 
5,432,272; 5,457,187; 5,459,255; 5,484,908; 5,502,177; 
5,525,711; 5,552,540; 5,587,469; 5,594,121, 5,596,091; 
5,614,617; 5,645,985; 5,830,653; 5,763,588; 6,005,096; and 
5,681,941, certain of which are commonly owned with the instant 
application, and each of which is herein incorporated by 
reference, and United States patent 5,750,692, which is commonly 
owned with the instant application and also herein incorporated 
by reference. 

Another modification of the oligonucleotides of the 
invention involves chemically linking to the oligonucleotide one 
or more moieties or conjugates which enhance the activity, 
cellular distribution or cellular uptake of the oligonucleotide. 
The compounds of the invention can include conjugate groups 
covalently bound to functional groups such as primary or 
secondary hydroxyl groups. Conjugate groups of the invention 
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include inter calators, reporter molecules, polyandries, 
polyamides, polyethylene glycols, polyethers, groups that 
enhance the pharmacodynamic properties of oligomers, and groups 
that enhance the pharmacokinetic properties of oligomers. 
Typical conjugates groups include cholesterols , lipids, phospho- 
lipids, biotin, phenazine, folate, phenanthridine, anthra- 
quinone, acridine, fluoresceins, rhodamines, coumarins, and 
dyes. Groups that enhance the pharmacodynamic properties, in 
the context of this invention, include groups that improve 
oligomer uptake, enhance oligomer resistance to degradation, 
and/or strengthen sequence-specific hybridization with RNA. 
Groups that enhance the pharmacokinetic properties, in the 
context of this invention, include groups that improve oligomer 
uptake, distribution, metabolism or excretion. Representative 
conjugate groups are disclosed in International Patent 
Application PCT/US92 / 09196 , filed October 23, 1992 the entire 
disclosure of which is incorporated herein by reference. 
Conjugate moieties include but are not limited to lipid moieties 
such as a cholesterol moiety (Letsinger et al . , Proc. Natl. 
Acad. Sci. USA, 1989, 86, 6553-6556), cholic acid (Manoharan et 
al., Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether, 
e.g., hexyl-S-tritylthiol (Manoharan et al . , Ann. N.Y. Acad. 
Sci., 1992, 660, 306-309; Manoharan et al . , Bioorg. Med. Chem. 
Let., 1993, 3, 2765-2770), a thiocholesterol (Oberhauser et al., 
Nucl. Acids Res., 1992, 20, 533-538), an aliphatic chain, e.g., 
dodecandiol or undecyl residues (Saison-Behmoaras et al . , EMBO 
J., 1991, 10, 1111-1118; Kabanov et al . , FEBS Lett., 1990, 259, 
327-330; Svinarchuk et al . , Biochimie, 1993, 75, 49-54), a 
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl- 
ammonium 1, 2-di-0-hexadecyl-rac-glycero-3-H-phosphonate 
(Manoharan et al., Tetrahedron Lett., 1995, 35, 3651-3654; Shea 
et al., Nucl. Acids Res., 1990, 18, 3777-3783), a polyamine or a 
polyethylene glycol chain (Manoharan et al . , Nucleosides & 
Nucleotides, 1995, 14, 969-973), or adamantane acetic acid 
(Manoharan et al . , Tetrahedron Lett., 1995, 36, 3651-3654), a 
palmityl moiety (Mishra et al., Biochim. Biophys . Acta, 1995, 
1264, 229-237), or an octadecylamine or hexylamino-carbonyl- 
oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther. , 
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1996, 277, 923-937. Oligonucleotides of the invention may also 
be conjugated to active drug substances, for example, aspirin, 
warfarin, phenylbutazone, ibuprofen, suprofen, fenbufen, 
ketoprofen, (S) - (+ ) -pranoprof en, carprofen, dansylsar cosine, 
2,3,5-triiodobenzoic acid, flufenamic acid, folinic acid, a 
benzothiadiazide, chlorothiazide, a diazepine, indomethicin, a 
barbiturate, a cephalosporin, a sulfa drug, an antidiabetic, an 
antibacterial or an antibiotic. Oligonucleotide-drug conjugates 
and their preparation are described in United States Patent 
Application 09/334,130 (filed June 15, 1999) which is 
incorporated herein by reference in its entirety. 

Representative United States patents that teach the 
preparation of such oligonucleotide conjugates include, but are 
not limited to, U.S.: 4,828,979; 4,948,882; 5,218,105; 
5,525,465; 5,541,313; 5,545,730; 5,552,538; 5,578,717, 

5,580,731; 5,580,731; 5,591,584; 5,109,124; 5,118,802; 

5,138,045; 5,414,077; 5,486,603; 5,512,439; 5,578,718; 

5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 

4,789,737; 4,824,941; 4,835,263; 4,876,335; 4,904,582; 

4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 

5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506; 

5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241, 

5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 

5,514,785; 5,565,552; 5,567,810; 5,574,142; 5,585,481; 

5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 

5,688,941, certain of which are commonly owned with the instant 

application, and each of which is herein incorporated by 

reference . 

It is not necessary for all positions in a given compound 
to be uniformly modified, and in fact more than one of the 
aforementioned modifications may be incorporated in a single 
compound or even at a single nucleoside within an 
oligonucleotide. The present invention also includes antisense 
compounds which are chimeric compounds. "Chimeric" antisense 
compounds or "chimeras," in the context of this invention, are 
antisense compounds, particularly oligonucleotides, which 
contain two or more chemically distinct regions, each made up of 
at least one monomer unit, i.e., a nucleotide in the case of an 
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oligonucleotide compound. These oligonucleotides typically 
contain at least one region wherein the oligonucleotide is 
modified so as to confer upon the oligonucleotide increased 
resistance to nuclease degradation, increased cellular uptake, 
and/or increased binding affinity for the target nucleic acid. 
An additional region of the oligonucleotide may serve as a 
substrate for enzymes capable of cleaving RNA: DMA or RNA : RNA 
hybrids. By way of example, RNase H is a cellular endonuclease 
which cleaves the RNA strand of an RNA : DNA duplex. Activation 
of RNase H, therefore, results in cleavage of the RNA target, 
thereby greatly enhancing the efficiency of oligonucleotide 
inhibition of gene expression. Consequently , comparable results 
can often be obtained with shorter oligonucleotides when 
chimeric oligonucleotides are used, compared to phosphorothioate 
deoxyoligonucleotides hybridizing to the same target region. 
Cleavage of the RNA target can be routinely detected by gel 
electrophoresis and, if necessary, associated nucleic acid 
hybridization techniques known in the art. 

Chimeric antisense compounds of the invention may be formed 
as composite structures of two or more oligonucleotides, 
modified oligonucleotides, oligonucleosides and/or 
oligonucleotide mimetics as described above. Such compounds 
have also been referred to in the art as hybrids or gapmers. 
Representative United States patents that teach the preparation 
of such hybrid structures include, but are not limited to, U.S.: 
5,013,830; 5,149,797; 5,220,007; 5,256,775; 5,366,878; 
5,403,711; 5,491,133; 5,565,350; 5,623,065; 5,652,355; 
5,652,356; and 5,700,922, certain of which are commonly owned 
with the instant application, and each of which is herein 
incorporated by reference in its entirety. 

The antisense compounds used in accordance with this 
invention may be conveniently and routinely made through the 
well-known technique of solid phase synthesis. Equipment for 
such synthesis is sold by several vendors including, for 
example, Applied Biosys terns (Foster City, CA) . Any other means 
for such synthesis known in the art may additionally or 
alternatively be employed. It is well known to use similar 
techniques to prepare oligonucleotides such as the 
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phosphorothioates and alkylated derivatives. 

The anti sense compounds of the invention are synthesized in 
vitro and do not include antisense compositions of biological 
origin, or genetic vector constructs designed to direct the in 
vivo synthesis of antisense molecules. 
The compounds of the invention may also be admixed, 
encapsulated, conjugated or otherwise associated with other 
molecules, molecule structures or mixtures of compounds, as for 
example, liposomes, receptor targeted molecules, oral, rectal,, 
topical or other formulations, for assisting in uptake, 
distribution and/or absorption. Representative United States 
patents that teach the preparation of such uptake, distribution 
and/or absorption assisting formulations include, but are not 
limited to, U.S.: 5,108,921; 5,354,844; 5,416,016; 5,459,127; 
5,521,291; 5,543,158; 5,547,932; 5,583,020; 5,591,721; 
4,426,330; 4,534,899; 5,013,556; 5,108,921; 5,213,804; 
5,227,170; 5,264,221; 5,356,633; 5,395,619; 5,416,016; 
5,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528; 
5,534,259; 5,543,152; 5,556,948; 5,580,575; and 5,595,756, each 
of which is herein incorporated by reference. 

The antisense compounds of the invention encompass any 
pharmaceutically acceptable salts, esters, or salts of such 
esters, or any other compound which, upon administration to an 
animal including a human, is. capable of providing (directly or 
indirectly) the biologically active metabolite or residue 
thereof. Accordingly, for example, the disclosure is also drawn 
to prodrugs and pharmaceutically acceptable salts of the 
compounds of the invention, pharmaceutically acceptable salts of 
such prodrugs, and other bioequivalents . 

The term "prodrug" indicates, a therapeutic agent that is 
prepared in an inactive form that is converted to an active form 
(i.e., drug) within the body or, cells thereof by the. action of 
endogenous enzymes or other chemicals and/or conditions. In 
particular, prodrug versions of the oligonucleotides of the 
invention are prepared as SATE [ (S-acetyl-2-thioethyl) 
phosphate] derivatives according to the methods disclosed in WO 
93/24510 to Gosselin et al . , published December 9, 1993 or in WO 
94/26764 and U.S. 5,770,713 to Imbach et al . 
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The term "pharmaceutically acceptable salts" refers to 
physiologically and pharmaceutically acceptable salts of the 
compounds of the invention: i.e., salts that retain the desired 
biological activity of the parent compound and do not impart 
undesired toxicological effects thereto. 

Pharmaceutically acceptable base addition salts are formed 
with metals or amines, such as alkali and alkaline earth metals 
or organic amines. Examples of metals used as cations are 
sodium, potassium, magnesium, calcium, and the like. Examples 
of suitable amines are N,N' -dibenzylethylenedi amine, 
chloroprocaine, choline, diethanolamine, dicyclohexylamine, 
ethylenediamine, N-methylglucamine, and procaine (see, for 
example, Berge et al . , "Pharmaceutical Salts," J", of Pharma 
Sc±., 1977, 66, 1-19). The base addition salts of said acidic 
compounds are prepared by contacting the free acid form with a 
sufficient amount of the desired base to produce the salt in the 
conventional manner. The free acid form may be regenerated by 
contacting the salt form with an acid and isolating the free 
acid in the conventional manner. The free acid forms differ 
from their respective salt forms somewhat in certain physical 
properties such as solubility in polar solvents, but otherwise 
the salts are equivalent to their respective free acid for 
purposes of the present invention. As used herein, a 
"pharmaceutical addition salt" includes a pharmaceutically 
acceptable salt of an acid form of one of the components of the 
compositions of the invention. These include organic or 
inorganic acid salts of the amines. Preferred acid salts are 
the hydrochlorides, acetates, salicylates, nitrates and 
phosphates. Other suitable pharmaceutically acceptable salts 
are well known to those skilled in the art and include basic 
salts of a variety of inorganic and organic acids, such as, for 
example, with inorganic acids, such as for example hydrochloric 
acid, hydrobromic acid, sulfuric acid or phosphoric acid; with 
organic carboxylic, sulfonic, sulfo or phospho acids or 
N- substituted sulfamic acids, for example acetic acid, propionic 
acid, glycolic acid, succinic acid, maleic acid, hydroxymaleic 
acid, methylmaleic acid, fumaric acid, malic acid, tartaric 
acid, lactic acid, oxalic acid, gluconic acid, glucaric acid, 
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glucuronic acid, citric acid, benzoic acid, cinnamic acid, 
mandelic acid, salicylic acid, 4-aminosalicylic acid, 
2-phenoxybenzoic acid, 2-acetoxybenzoic acid, embonic acid, 
nicotinic acid or isonicotinic acid; and with amino acids, such 
as the 20 alpha-amino acids involved in the synthesis of 
proteins in nature, for example glutamic acid or aspartic acid, 
and also with phenylacetic acid, methanesulf onic acid, 
ethanesulfonic acid, 2 -hydroxy ethanesulf onic acid, 
ethane-1, 2-disulfonic acid, benzene sulfonic acid, 
4 -me thylbenzene sulfonic acid, naphthalene- 2 -sulfonic acid, 
naphthalene- 1, 5-disulfonic acid, 2- or 3-phosphoglycerate, 
glucose- 6 -phosphate, N-cyclohexylsulf amic acid (with the 
formation of cyclamates) , or with other acid organic compounds, 
such as ascorbic acid. Pharmaceutically acceptable salts of 
compounds may also be' prepared with a pharmaceutically 
acceptable cation. Suitable pharmaceutically acceptable cations 
are well known to those skilled in the art and include alkaline, 
alkaline earth, ammonium and quaternary ammonium cations. 
Carbonates or hydrogen carbonates are also possible. 

For oligonucleotides, preferred examples of 
pharmaceutically acceptable salts include but are not limited to 
(a) salts formed with cations such as sodium, potassium, 
ammonium, magnesium, calcium, polyamines such as spermine and 
spermidine, etc.; (b) acid addition salts formed with inorganic 
acids, for example hydrochloric acid, hydrobromic acid, sulfuric 
acid, phosphoric acid, nitric acid and the like; (c) salts 
formed with organic acids such as, for example, acetic acid, 
oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric 
acid, gluconic acid, citric acid, malic acid, ascorbic acid, 
benzoic acid, tannic acid, palmitic acid, alginic acid, 
polyglutamic acid, naphthalene sulfonic acid, methanesulf onic 
acid, p-toluenesulfonic acid, naphthalenedi sulfonic acid, 
polygalacturonic acid, and the like; and (d) salts formed from 
elemental anions such as chlorine, bromine, and iodine. 

The antisense compounds of the present invention can be 
utilized for diagnostics, therapeutics, prophylaxis and as 
research reagents and kits. For therapeutics, an animal, 
preferably a human, suspected of having a disease or disorder 
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which can be treated by modulating the expression of CD81 is 
treated by administering anti sense compounds in accordance with 
this invention. The compounds of the invention can be utilized 
in pharmaceutical compositions by adding an effective amount of 
an antisense compound to a suitable pharmaceutically acceptable 
diluent or carrier. Use of the antisense compounds and methods 
of the invention may also be useful prophylactically , e.g., to 
prevent or delay infection, inflammation or tumor formation, for 
example. 

The antisense compounds of the invention are useful for 
research and diagnostics, because these compounds hybridize to 
nucleic acids encoding CD81, enabling sandwich and other assays 
to easily be constructed to exploit this fact. Hybridization of 
the antisense oligonucleotides of the invention with a nucleic 
acid encoding CD81 can be detected by means known in the art. 
Such means may include conjugation of an enzyme to the 
oligonucleotide, radiolabelling of the oligonucleotide or any 
other suitable detection means. Kits using such detection means 
for detecting the level of CD81 in a sample may also be 
prepared . 

The present invention also includes pharmaceutical 
compositions and formulations which include the antisense 
compounds of the invention. The pharmaceutical compositions of 
the present invention may be administered in a number of ways 
depending upon whether local or systemic treatment is desired 
and upon the area to be treated. Administration may be topical 
(including ophthalmic and to mucous membranes including vaginal 
and rectal delivery), pulmonary, e.g., by inhalation or 
insufflation of powders or aerosols, including by nebulizer ; 
intratracheal, intranasal, epidermal and transdermal), oral or 
parenteral. Parenteral administration includes intravenous, 
intraarterial, subcutaneous, intraperitoneal or intramuscular 
injection or infusion; or intracranial, e.g., intrathecal or 
intraventricular, administration. Oligonucleotides with at 
least one 2 ' - O -me thoxy ethyl modification are believed to be 
particularly useful for oral administration. 

Pharmaceutical compositions and formulations for topical 
administration may include transdermal patches, ointments, 
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lotions, creams, gels, drops, suppositories, sprays, liquids and 
powders. Conventional pharmaceutical carriers, aqueous, powder 
or oily bases, thickeners and the like may be necessary or 
desirable. Coated condoms, gloves and the like may also be 
useful. Preferred topical formulations include those in which 
the oligonucleotides of the invention are in admixture with a 
topical delivery agent such as lipids, liposomes, fatty acids, 
fatty acid esters, steroids, chelating agents and surfactants. 
Preferred lipids and liposomes include neutral (e.g. 
dioleoylphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyl 
choline DMPC, distearolyphosphatidyl choline) negative (e.g. 
dimyristoylphosphatidyl glycerol DMPG) and cationic (e.g. 
dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl 
ethanolamine DOTMA) . Oligonucleotides of the invention may be 
encapsulated within liposomes or may form complexes thereto, in 
particular to cationic liposomes. Alternatively, 
oligonucleotides may be complexed to lipids, in particular to 
cationic lipids. Preferred fatty acids and esters include but 
are not limited arachidonic acid, oleic acid, eicosanoic acid, 
lauric acid, caprylic acid, capric acid, myristic acid, palmitic 
acid, stearic acid, linoleic acid, linolenic acid, dicaprate, 
tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 
l-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, 
or a Ci_io alkyl ester (e.g. isopropylmyristate IPM) , 
monoglyceride, diglyceride or pharmaceutical^ acceptable salt 
thereof. Topical formulations are described in detail in United 
States patent application 09/315,298 filed on May 20, 1999 which 
is incorporated herein by reference in its entirety. 

Compositions and formulations for oral administration 
include powders or granules, microparticulates, 
nanopar.ticulates, suspensions or solutions in water or non- 
aqueous media, capsules, gel capsules, sachets, tablets or 
minitablets. Thickeners, flavoring agents, diluents, 
emulsifiers, dispersing aids or binders may be desirable. 
Preferred oral formulations are those in which oligonucleotides 
of the invention are administered in conjunction with one or 
more penetration enhancers surfactants and chelators. Preferred 
surfactants include fatty acids and/or esters or salts thereof, 
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bile acids and/or salts thereof. Prefered bile acids/salts 
include chenodeoxycholic acid (CDCA) and 
ursodeoxychenodeoxycholic acid (UDCA) , cholic acid, 
dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic 
acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic 
acid, sodium tauro-24 , 25-dihydro-f usidate, sodium 

glycodihydrofusidate, . Prefered fatty acids include arachidonic 
acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, 
capric acid, myristic acid, palmitic acid, stearic acid, 
linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, 
dilaurin, glyceryl 1-monocaprate, l-dodecylazacycloheptan-2-one, 
an acylcarnitine, an acylcholine, or a monoglyceride, a 
diglyceride or a pharmaceutical^ acceptable salt thereof (e.g. 
sodium) . Also prefered are combinations of penetration 
enhancers, for example, fatty acids /salts in combination with 
bile acids/salts. A particularly prefered combination is the 
sodium salt of lauric acid, capric acid and UDCA. Further 
penetration enhancers include polyoxyethylene-9-lauryl ether, 
polyoxyethylene-2 0-cetyl ether. Oligonucleotides of the 
invention may be delivered orally in granular form including 
sprayed dried particles, or complexed to form micro or 
nanoparticles. Oligonucleotide complexing agents include 
poly-amino acids; polyimines; polyacrylates ; polyalkylacrylates, 
polyoxethanes, polyalkylcyanoacrylates; cationized gelatins, 
albumins, starches, acrylates, polyethyleneglycols (PEG), and 
starches; polyalkylcyanoacrylates; DEAE-derivatized polyimines, 
pollulans, celluloses and starches. Particularly preferred 
complexing agents include chitosan, N-trimethylchitosan, poly-L- 
lysine, polyhistidine, polyorni thine, polyspermines , protamine, 
polyvinylpyridine, polythiodiethylamino-methylethylene P(TDAE) , 
polyaminostyrene (e.g. p - amino ) , poly (methylcyanoacrylate) , 
poly (ethylcyanoacrylate) , poly (butylcyanoacry late) , 
poly(isobutylcyanoacrylate) , poly (isohexylcynaoacrylate) , DEAE- 
methacrylate , DEAE-hexylacrylate, DEAE-acrylamide, DEAE-albumin 
and DEAE-dextran, polymethylacrylate, polyhexylacrylate, 
poly(D,L-lactic acid), poly (DL-lactic-co-glycolic acid (PLGA) , 
alginate, and polyethyleneglycol (PEG) . Oral formulations for 
oligonucleotides and their preparation are described in detail 
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in United States applications 08/886,829 (filed July 1, 1997), 
09/108,673 (filed July 1, 1998), 09/256,515 (filed . February 23 , 
1999), 09/082,624 (filed May 21, 1998) and 09/315,298 (filed 
May 20, 1999) each of which, is incorporated herein by reference 
in their entirety. 

Compositions and formulations for parenteral, intrathecal 
or intraventricular administration may include sterile aqueous 
solutions which may also contain buffers, diluents and other 
suitable additives such as, but not limited to, penetration 
enhancers, carrier compounds and other pharmaceutically 
acceptable carriers or excipients . 

Pharmaceutical compositions of the present invention 
include, but are not limited to, solutions, emulsions, and 
liposome-containing formulations. These compositions may be 
generated from a variety of components that include, but are not 
limited to, preformed liquids, self -emulsifying solids and self- 
emulsifying semisolids. 

The pharmaceutical formulations of the present invention, 
which may conveniently be presented in unit dosage form, may be 
prepared according to conventional techniques well known in the 
pharmaceutical industry. Such techniques include the step of 
bringing into association the active ingredients with the 
pharmaceutical carrier (s) or excipient (s) . In general the 
formulations are prepared by uniformly and intimately bringing 
into association the active ingredients with liquid carriers or 
finely divided solid carriers or both, and then, if necessary, 
shaping the product . 

The compositions of the present invention may be formulated 
into any of many possible dosage forms such as, but not limited 
to, tablets, capsules, gel capsules, liquid syrups, soft gels, 
suppositories, and enemas. The compositions of the present 
invention may also be formulated as suspensions in aqueous, non- 
aqueous or mixed media. Aqueous suspensions may further contain 
substances which increase the viscosity of the suspension 
including, for example, sodium carboxymethylcellulose, sorbitol 
and/or dextran. The suspension may also contain stabilizers. 

In one embodiment of the present invention the 
pharmaceutical compositions may be formulated and used as foams. 
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pharmaceutical foams include formulations such as, but not 
limited to, emulsions, microemulsions, creams, jellies and 
liposomes. While basically similar in nature these formulations 
vary in the components and the consistency of the final product. 
The preparation of such compositions and formulations is 
generally known to those skilled in the pharmaceutical and 
formulation arts and may be applied to the formulation of the 
compositions of the present invention. 

Emulsions 

The compositions of the present invention may be prepared 
and formulated as emulsions. Emulsions are typically 
heterogenous systems of one liquid dispersed in another in the 
form of droplets usually exceeding 0 . 1 fim in diameter. (Idson, 
in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y. , volume 1, p. 
199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
Volume 1, p. 245; Block in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., 
New York, N.Y., volume 2, p. 335; Higuchi et al . , in Remington's 
Pharmaceutical Sciences, Mack Publishing Co., Easton, PA, 1985, 
p. 301) . Emulsions are often biphasic systems comprising of two 
immiscible liquid phases intimately mixed and dispersed with 
each other. In general, emulsions may be either water-in-oil 
(w/o) or of the oil-in-water (o/w) variety. When an aqueous 
phase is finely divided into and dispersed as minute droplets 
into a bulk oily phase the resulting composition' is called a 
water-in-oil (w/o) emulsion. Alternatively, when an oily phase 
is finely divided into and dispersed as minute droplets into a 
bulk aqueous phase the resulting composition is called an oil- 
in-water (o/w) emulsion. Emulsions may contain additional 
components in addition to the dispersed phases and the active 
drug which may be present as a solution in either the aqueous 
phase, oily phase or itself as a separate phase. Pharmaceutical 
excipients such as emulsifiers, stabilizers, dyes, and anti- 
oxidants may also be present in emulsions as needed. 
Pharmaceutical emulsions may also be multiple emulsions that are 
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comprised of more than two phases such as, for example, in the 
case of oil-in-water-in-oil (o/w/o) and water-in-oil-in-water 
(w/o/w) emulsions. Such complex formulations often provide 
certain advantages that simple binary emulsions do not. 
Multiple emulsions in which individual oil droplets of an o/w 
emulsion enclose small water droplets constitute a w/o/w 
emulsion. Likewise a system of oil droplets enclosed in 
globules of water stabilized in an oily continuous provides an 
o/w/o emulsion. 

Emulsions are characterized by little or no thermodynamic 
stability. Often, the dispersed or discontinuous phase of the 
emulsion is well dispersed into the external or continuous phase 
and maintained in this form through the means of emulsif iers or 
the viscosity of the formulation. Either of the phases of the 
emulsion may be a semisolid or a solid, as is the case of 
emulsion-style ointment bases and creams. Other means of 
stabilizing emulsions entail the use of emulsifiers that may be 
incorporated into either phase of the emulsion. Emulsifiers may 
broadly be classified into four- categories: synthetic 
surfactants, naturally occurring emulsifiers, absorption bases, 
and finely dispersed solids (Idson, in Pharmaceutical Dosage 
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 199). 

Synthetic surf actants, also known as surface active agents, 
have found wide applicability in the formulation of emulsions 
and have been reviewed in the literature (Rieger, in 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y. , volume 1, p. 
285; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y., 1988, 
volume 1, p. 199) . Surfactants are typically amphiphilic and 
comprise a hydrophilic and a hydrophobic portion. The ratio of 
the hydrophilic to the hydrophobic nature of the surfactant has 
been termed the hydrophile/lipophile balance (HLB) and is a 
valuable tool in categorizing and selecting surfactants in the 
preparation of formulations. Surfactants may be classified into 
different classes based on the nature of the hydrophilic group: 
nonionic, anionic, cationic and amphoteric (Rieger, in 
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pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 
285) . 

Naturally occurring emulsifiers used in emulsion 
formulations include lanolin, beeswax, phosphatides, lecithin 
and acacia. Absorption bases possess hydrophilic properties 
such that they can soak up water to form w/o emulsions yet 
jretain their semisolid consistencies, such as anhydrous lanolin 
and hydrophilic petrolatum. Finely divided solids have also 
t>een used as good emulsifiers especially in combination with 
surfactants and in viscous preparations. These include polar 
inorganic solids, such as heavy metal hydroxides, nonswelling 
clays such as bentonite, attapulgite, hectorite, kaolin, 
montmorillonite, colloidal aluminum silicate and colloidal 
magnesium aluminum silicate, pigments and nonpolar solids such 
as carbon or glyceryl tristearate. 

A large variety of non-emulsifying materials are also 
included in emulsion formulations and contribute to the 
properties of emulsions. These include fats, oils, waxes, fatty 
acids, fatty alcohols, fatty esters, humectants, hydrophilic 
colloids, preservatives and antioxidants (Block, in 
pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y. , volume 1, p. 
335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y. , 
volume 1, p. 199) . 

Hydrophilic colloids or hydrocolloids include naturally 
occurring gums and synthetic polymers such as polysaccharides 
(for example, acacia, agar, alginic acid, carrageenan, guar gum, 
Icaraya gum, and tragacanth) , cellulose derivatives (for example, 
carboxymethylcellulose and carboxypropylcellulose) , and 
synthetic polymers (for example, carbomers, cellulose ethers, 
and carboxyvinyl polymers) . These disperse or swell in water to 
form colloidal solutions that stabilize emulsions by forming 
strong interfacial films around the dispersed-phase droplets and 
t>y increasing the viscosity of the external phase. 

Since emulsions often contain a number of ingredients such 
as carbohydrates, proteins, sterols and phosphatides that may 
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readily support the growth of microbes, these formulations often 
incorporate preservatives . Commonly used preservatives included 
in emulsion formulations include methyl paraben, propyl paraben, 
quaternary ammonium salts, benzalkonium chloride, esters of p- 
hydroxybenzoic acid, and boric acid. Antioxidants are also 
commonly added to emulsion formulations to prevent deterioration 
of the f ormulation. Antioxidants used may be free radical 
scavengers such as tocopherols, alkyl gallates, butylated 
hydroxyanisole, butylated hydroxy toluene, or reducing agents 
such "as ascorbic acid and sodium metabisulf ite, and antioxidant 
synergists such as citric acid, tartaric acid, and lecithin. 

The application of emulsion formulations via 
dermatological, oral and parenteral routes and methods for their 
manufacture have been reviewed in the literature (Idson, in 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.)/ 1988, Marcel Dekker, Inc., New York, N.Y. , volume 1, p. 
199) . Emulsion formulations for oral delivery have been very 
widely used because of reasons of ease of formulation, efficacy 
from an absorption and bioavailability standpoint. (Rosoff, in 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y. , volume 1, p. 
245; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds. ) , 1988, Marcel Dekker, Inc. , New York, N.Y. , 
volume 1, p. 199) . Mineral-oil base laxatives, oil-soluble 
vitamins and high fat nutritive preparations are among the 
materials that have commonly been administered orally as o/w . 
emulsions . 

In one embodiment of the present invention, the 
compositions of oligonucleotides and nucleic acids are 
formulated as microemulsions . A microemulsion may be defined as 
a system of water, oil and amphiphile which is a single 
optically isotropic and thermodynamically stable liquid solution 
(Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 245) . Typically microemulsions are systems that 
are prepared by first dispersing an oil in an aqueous surfactant 
solution and then adding a sufficient amount of a fourth 
component, generally an intermediate chain-length alcohol to 
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form a transparent system. Therefore, microemulsions have also 
been described as thermodynamically stable, isotropically clear 
dispersions of two immiscible liquids that are stabilized by 
interfacial films of surface-active molecules (Leung and Shah, 
in: Controlled Release of Drugs: Polymers and Aggregate Systems, 
Rosoff, M. , Ed., 1989, VCH Publishers, New York, pages 185-215). 
Microemulsions commonly are prepared via a combination of three 
to five components that include oil, water, surfactant, 
cosurfactant and electrolyte. Whether the microemulsion is of 
the water-in-oil (w/o) or an oil-in-water (o/w) type is 
dependent on the properties of the oil and surfactant used and 
on the structure and geometric packing of the polar heads and 
hydrocarbon tails of the surfactant molecules (Schott, in 
Remington's Pharmaceutical Sciences, Mack Publishing Co., 
Easton, PA, 1985, p. 271) . 

The phenomenological approach utilizing phase diagrams has 
been extensively studied and has yielded a comprehensive 
knowledge, to one skilled in the art, of how to formulate 
microemulsions (Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., 
New York, N.Y., volume 1, p. 245; Block, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel 
Dekker, Inc., New York, N.Y. , volume 1, p. 335). Compared to 
conventional emulsions, microemulsions offer the advantage of 
solubilizing water-insoluble drugs in a formulation of 
thermodynamically stable droplets that are formed spontaneously. 

Surfactants used in the preparation of microemulsions 
include, but are not limited to, ionic surfactants, non-ionic 
surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol 
fatty acid esters, tetraglycerol monolaurate (MIi310), 
, tetraglycerol monooleate (MO310) , hexaglycerol monooleate 
(PO310), hexaglycerol pentaoleate (PO500) , decaglycerol 
monocaprate (MCA750) , decaglycerol monooleate (MO750) , 
decaglycerol sequioleate (SO750) , decaglycerol decaoleate 
(DAO750) , alone or in combination with cosurf actants . The 
cosurfactant, usually a short-chain alcohol such as ethanol, 1- 
propanol, and 1-butanol, serves to increase the interfacial 
fluidity by penetrating into the surfactant film and 
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consequently creating a disordered film because of the void 
space generated among surfactant molecules. Microemulsions may, 
however, be prepared without the use of cosurf actants and 
alcohol-free self -emulsifying microemulsion systems are known in 
the art. The aqueous phase may typically be, but is not limited 
to, water, an aqueous solution of the drug, glycerol, PEG300, 
PEG400, polyglycerols, propylene glycols, and derivatives of 
ethylene glycol. The oil phase may include, but is not limited 
to, materials such as Captex 300, Captex 355, Capmul MCM, fatty 
acid esters, medium chain (C8-C12) mono, di, and tri-glycerides , 
polyoxyethylated glyceryl fatty acid esters, fatty alcohols, 
polyglycolized glycerides, saturated polyglycolized C8-C10 
glycerides, vegetable oils and silicone oil. 

Microemulsions are particularly of interest from the 
standpoint of drug solubilization and the enhanced absorption of 
drugs. Lipid based microemulsions (both' o/w and w/o) have been 
proposed to enhance the oral bioavailability of drugs, including 
peptides (Constantinides et al . , Pharmaceutical Research, 1994, 
22, 1385-1390; Ritschei, Meth. Find. Exp. Clin. Pharmacol., 
1993, 13, 205) . Microemulsions afford advantages of improved 
drug solubilization, protection of drug from enzymatic 
hydrolysis, possible enhancement of drug absorption due to 
surfactant-induced alterations in membrane fluidity and 
permeability, ease of preparation, ease of oral administration 
over solid dosage forms, improved clinical potency, and 
decreased toxicity (Constantinides et al . , Pharmaceutical 
Research, 1994, 22, 1385; Ho et al . , J". Pharm. Sci . , 1996, 85, 
138-143) . Often microemulsions may form spontaneously when 
their components are brought together at ambient temperature. 
This may be particularly advantageous when formulating 
thermolabile drugs, peptides or oligonucleotides. 
Microemulsions have also been effective in the transdermal 
delivery of active components in both cosmetic and 
pharmaceutical applications. It is expected that the 
microemulsion compositions and formulations of the present 
invention will facilitate the increased systemic absorption of 
oligonucleotides and nucleic acids from the gastrointestinal 
tract, as well as improve the local cellular uptake of 



WO 03/053342 



PCTYUS02/39182 



RTSP-0443 -34- 

oligonucleotides and nucleic acids within the gastrointestinal 
tract, vagina, buccal cavity and other areas of administration. 

Microemulsions of the present invention may also contain 
additional components and additives such as sorbitan 
monostearate (Grill 3), Labrasol, and penetration enhancers to 
improve the properties of the formulation and to enhance the 
absorption of the oligonucleotides and nucleic acids of the 
present invention. Penetration enhancers used in the 
microemulsions of the present invention may be classified as 
belonging to one of five broad categories - surfactants, fatty 
acids, bile salts, chelating agents, and non- chelating non- 
surfactants (Lee et al . , Critical Reviews in Therapeutic Drug- 
Carrier Systems, 1991, p. 92). Each of these classes has been 
discussed above. 

Liposomes 

There are many organized surfactant structures besides 
microemulsions that have been studied and used for the 
formulation of drugs. These include monolayers, micelles, 
bilayers and vesicles. Vesicles, such as liposomes, have 
attracted great interest because of their specificity and the 
duration of action they offer from the standpoint of drug 
delivery. As used in the present invention, the term "liposome" 
means a vesicle composed of amphiphilic lipids arranged in a 
spherical bilayer or bilayers. 

Liposomes are unilamellar or multilamellar vesicles which 
have a membrane formed from a lipophilic material and an aqueous 
interior. The aqueous portion contains the composition to be 
delivered. Cationic liposomes possess the advantage of being 
able to fuse to the cell wall. Non-cationic liposomes, although 
not able to fuse as efficiently with the cell wall, are taken up 
by macrophages in vivo. 

In order to cross intact mammalian skin, lipid vesicles 
must pass through a series of fine pores, each with a diameter 
less than 50 nm, under the influence of a suitable transdermal 
gradient. Therefore, it is desirable to use a liposome which is 
highly deformable and able to pass through such fine pores. 
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Further advantages of liposomes include; liposomes obtained 
from natural phospholipids are biocompatible and biodegradable; 
liposomes can incorporate a wide range of water and lipid 
soluble drugs; liposomes can protect encapsulated drugs in their 
internal compartments from metabolism and degradation (Rosoff , 
in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.)/ 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 
245) . Important considerations in the preparation of liposome 
formulations are the lipid surface charge, vesicle size and the 
aqueous volume of the liposomes - 

Liposomes are useful for the transfer and delivery of 
active ingredients to the site of action. Because the liposomal 
membrane is structurally similar to biological membranes, when 
liposomes are applied to a tissue, the liposomes start to merge 
with the cellular membranes. As the merging of the liposome and 
cell progresses, the liposomal contents are emptied into the 
cell where the active agent may act. 

Liposomal formulations have been the focus of extensive 
investigation as the mode of delivery for many drugs. There is 
growing evidence that for topical administration, liposomes 
present several advantages over other formulations. Such 
advantages include reduced side-effects related to high systemic 
absorption of the administered drug, increased accumulation of 
the administered drug at the desired target, and the ability to 
administer a wide variety of drugs, both hydrophilic and 
hydrophobic, into the skin. 

Several reports have detailed the ability of liposomes to 
deliver agents including high-molecular weight DNA into the 
skin. Compounds including analgesics, antibodies, hormones and 
high-molecular weight DNAs have been administered to the skin. 
The majority of applications resulted in the targeting of the 
upper epidermis . 

Liposomes fall into two broad classes. Cationic liposomes 
are positively charged liposomes which interact with the 
negatively charged DNA molecules to form a stable complex. The 
positively charged DNA/ liposome complex binds to the negatively 
charged cell surface and is internalized in an endosome. Due to 
the acidic pH within the endosome, the liposomes are ruptured, 
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releasing their contents into the cell cytoplasm (Wang efc al . , 
Biochem. Biophys. Res. Commun., 1987, 147, 980-985). 

Liposomes which are pH-sensitive or negatively-charged, 
entrap DNA rather than complex with it. Since both the DNA and 
the lipid are similarly charged, repulsion rather than complex 
formation occurs. Nevertheless, some DNA is entrapped within the 
aqueous interior of these liposomes. pH-sensitive liposomes have 
been used to deliver DNA encoding the thymidine kinase gene to 
cell monolayers in culture. Expression of the exogenous gene was 
detected in the target cells (Zhou et al . , Journal of Controlled 
Release, 1992, 19, 269-274) . 

One major type of liposomal composition includes 
phospholipids other than naturally-derived phosphatidylcholine. 
Neutral liposome compositions, for example, can be formed from 
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl 
phosphatidylcholine (DPPC) . Anionic liposome compositions 
generally are formed from dimyristoyl phosphatidylglycerol, 
while anionic fusogenic liposomes are formed primarily from 
dioleoyl phosphatidylethanolamine (DOPE) . Another type of 
liposomal composition is formed from phosphatidylcholine (PC) 
such as, for example, soybean PC, and egg PC. Another type is 
formed from mixtures of phospholipid and/or phosphatidylcholine 
and/or cholesterol . 

Several studies have assessed the topical delivery of 
liposomal drug formulations to the skin. Application of 
liposomes containing interferon to guinea pig skin resulted in a 
reduction of skin herpes sores while delivery of interferon via 
other means (e.g. as a solution or as an emulsion) were 
ineffective (Weiner et al . , Journal of Drug Targeting, 1992, 2, 
405-410) . Further, an additional study tested the efficacy of 
interferon administered as part of a liposomal formulation to 
the administration of interferon using an aqueous system, and 
concluded that the liposomal formulation was superior to aqueous 
administration (du Plessis et al., Antiviral Research, 1992, 18, 
259-265) . 

Non-ionic liposomal systems have also been examined to 
determine their utility in the delivery of drugs to the skin, in 
particular systems comprising non-ionic surfactant and 
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cholesterol. Non-ionic liposomal formulations comprising 
Novasome™ I (glyceryl dilaurate/cholesterol/polyoxyethylene-10- 
stearyl ether) and Novasome™ II (glyceryl distearate/ 
cholesterol/polyoxyethylene-10-stearyl ether) were used to 
deliver cyclosporin-A into the dermis of mouse skin. Results 
indicated that such non-ionic liposomal systems were effective 
in facilitating the deposition of cyclosporin-A into different 
layers of the skin (Hu et al . S.T.P.Pharma. Sci . , 1994, 4, 6, 
466). 

Liposomes also include "sterically stabilized" liposomes, a 
term which, as used herein, refers to liposomes comprising one 
or more specialized lipids that, when incorporated into 
liposomes, result in enhanced circulation lifetimes relative to 
liposomes lacking such specialized lipids. Examples of 
sterically stabilized liposomes are those in which part of the 
vesicle-forming lipid portion of the liposome (A) comprises one 
or more glycolipids, such as monosialoganglioside G M1 , or (B) is 
derivatized with one or more hydrophilic polymers, such as a 
polyethylene glycol (PEG) moiety. While not wishing to be bound 
by any particular theory, it is thought in the art that, at 
least for sterically stabilized liposomes containing 
gangliosides, sphingomyelin, or PEG-derivatized lipids, the 
enhanced circulation half-life of these sterically stabilized 
liposomes derives from a reduced uptake into cells of the 
reticuloendothelial system (RES) (Allen et al . , FEBS Letters, 
1987, 223, 42; Wu et al . , Cancer Research, 1993, 53, 3765). 

Various liposomes comprising one or more glycolipids are 
known in the art. Papahadj opoulos et al. (Ann. N.Y. Acad. Sci., 
1987, 507, 64) reported the ability of monosialoganglioside G M1 , 
galactocerebroside sulfate and phosphatidylinositol to improve 
blood half -lives of liposomes. These findings were expounded 
upon by Gabizon et al . (Proc. Natl. Acad. Sci. U.S.A., 1988, 85, 
6949)- U.S. Patent No. 4,837,028 and WO 88/04924, both to Allen 
et al., disclose liposomes comprising (1) sphingomyelin and (2) 
the ganglioside G M1 or a galactocerebroside sulfate ester. U.S. 
Patent No. 5,543,152 (Webb et al.) discloses liposomes 
comprising sphingomyelin. Liposomes comprising 1,2-sn- 
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dimyristoylphosphatidylcholine are disclosed in WO 97/13499 (Lim 
et al. ) - 

Many liposomes comprising lipids derivatized with one or 
more hydrophilic polymers, and methods of preparation thereof, 
are known in the art. Sunamoto et al. (Bull. Chem. Soc. Jpn., 
1980, 53, 2778) described liposomes comprising a nonionic 
detergent, 2C 12 15G, that contains a PEG moiety. Ilium et al . 
( FEBS Lett., 1984, 167, 79) noted that hydrophilic coating of 
polystyrene particles with polymeric glycols results in 
significantly enhanced blood half -lives. Synthetic 
phospholipids modified by the attachment of carboxylic groups of 
polyalkylene glycols (e.g., PEG) are described by Sears (U.S. 
patent Nos . 4,426,330 and 4,534,899). Klibanov et al. (FEBS 
Lett., 1990, 268, 235) described experiments demonstrating that 
liposomes comprising phosphatidylethanolamine (PE) derivatized 
with PEG or PEG stearate have significant increases in blood 
circulation half-lives. Blume et al . (Biochimica et Biophysics. 
Acta, 1990 # 1029, 91) extended such observations to other PEG- 
derivatized phospholipids, e.g., DSPE-PEG, formed from the 
combination of distearoylphosphatidylethanolamine (DSPE) and 
PEG. Liposomes having covalently bound PEG moieties on their 
external surface are described in European Patent No. EP 0 445 
131 Bl and WO 90/04384 to Fisher. Liposome compositions 
containing 1-20 mole percent of PE derivatized with PEG, and 
methods of use thereof, are described by Woodle et al. (U.S. 
patent Nos. 5,013,556 and 5,356,633) and Martin et al . (U.S. 
patent No.- 5,213,804 and European Patent No. EP 0 496 813 Bl) . 
Liposomes comprising a number of other lipid-polymer conjugates 
are disclosed in WO 91/05545 and U.S. Patent No. 5,225,212 (both 
to Martin et al.) and in WO 94/20073 (Zalipsky et al.) 
Liposomes comprising PEG-modified ceramide lipids are described 
in WO 96/10391 (Choi et al.). U.S. Patent Nos. 5,540,935 
(Miyazaki et al.) and 5,556,948 (Tagawa et al.) describe PEG- 
containing liposomes that can be further derivatized with 
functional moieties on their surfaces . 

A limited number of liposomes comprising nucleic acids are 
j^iown in the art. WO 96/40062 to Thierry et al. discloses 
methods for encapsulating high molecular weight nucleic acids in 
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liposomes. U.S. Patent No. 5,264,221 to Tagawa et al. discloses 
protein-bonded liposomes and asserts that the contents of such 
liposomes may include an antisense RNA. U.S. Patent No. 
5,665,710 to Rahman et al . describes certain methods of 
encapsulating oligodeoxynucleotides in liposomes. WO 97/04787 
to Love et al . discloses liposomes comprising antisense 
oligonucleotides targeted to the raf gene. 

Transf ersomes are yet another type of liposomes, and are 
highly deformable lipid aggregates which are attractive 
candidates for drug delivery vehicles. Transf ersomes may be 
described as lipid droplets which are so highly deformable that 
they are easily able to penetrate through pores which are 
smaller than the droplet. Transf ersomes are adaptable to the 
environment in which they are used, e.g. they are self- 
optimizing (adaptive to the shape of pores in the skin) , self- 
repairing, frequently reach their targets without fragmenting, 
and often self-loading. To make transf ersomes it is possible to 
add surface edge-activators, usually surfactants, to a. standard 
liposomal composition. Transf ersomes have been used to deliver 
serum albumin to the skin. The transf ersome-mediated delivery 
of serum albumin has been shown to be as effective as 
subcutaneous injection of a solution containing serum albumin. 

Surfactants find wide application in formulations such as 
emulsions (including microemulsions) and liposomes. The most 
common way of classifying and ranking the properties of the many 
different types of surfactants, both natural and synthetic, is 
by the use of the hydrophile/lipophile balance (HLB) . The 
nature of the hydrophilic group (also known as the "head" ) 
provides the most useful means for categorizing the different 
surfactants used in formulations (Rieger, in Pharmaceutical 
Dosage Forms, Marcel Dekker, Inc., New York, NY, 1988, p. 285). 

If the surfactant molecule is not ionized, it is classified 
as a nonionic surfactant. Nonionic surfactants find wide 
application in pharmaceutical and cosmetic products and are 
usable over a wide range of pH values. In general their HLB 
values range from 2 to about 18 depending on their structure. 
Nonionic surfactants include nonionic esters such as ethylene 
glycol esters, propylene glycol esters, glyceryl esters, 
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polyglyceryl esters, sorbitan esters, sucrose esters, and 
ethoxylated esters . Nonionic alkanolamides and ethers such as 
fatty alcohol ethoxylates, propoxylated alcohols, and 
ethoxylated/propoxylated block polymers are also included in 
this class. The polyoxy ethylene surfactants are the most 
popular members of the nonionic surfactant class. 

If the surfactant molecule carries a negative charge when 
it is dissolved or dispersed in water, the surfactant is 
classified as anionic. Anionic surfactants include carboxylates- 
such as soaps, acyl lactylates, acyl amides of amino acids, 
esters of sulfuric acid such as alkyl sulfates and ethoxylated 
alkyl sulfates, sulfonates such as alkyl benzene sulfonates, 
acyl isethionates, acyl taurates and sulf osuccinates , and 
phosphates. The most important members of the anionic 
surfactant class are the alkyl sulfates and the soaps . 

If the surfactant molecule carries a positive charge when 
it is dissolved or dispersed in water, the surfactant is 
classified as cationic . Cationic surfactants include quaternary 
ammonium salts and ethoxylated amines. The quaternary ammonium 
salts are the most used members of this class. 

If the surfactant molecule has the ability to carry either 
a positive or negative charge, the surfactant is classified as 
amphoteric . Amphoteric surfactants include acrylic acid 
derivatives, substituted, alkylamides, N-alkylbetaines and 
phosphatides . 

The use of surfactants in drug products, formulations and 
in emulsions has been reviewed (Rieger, in Pharmaceutical Dosage 
Forms, Marcel Dekker, Inc., New York, NY, 1988, p. 285). 

Penetration Enhancers 

In one embodiment, the present invention employs various 
penetration enhancers to effect the efficient delivery of 
nucleic acids, particularly oligonucleotides, to the skin of 
animals. Most drugs are present in solution in both ionized and 
nonionized forms. However, usually only lipid soluble or 
lipophilic drugs readily cross cell membranes. It has been 
discovered that even non- lipophilic drugs may cross cell 
membranes if the membrane to be crossed is treated with a 
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penetration enhancer. In addition to aiding the diffusion of 
non- lipophilic drugs across cell membranes, penetration 
enhancers also enhance the permeability of lipophilic drugs. 

Penetration enhancers may be classified as belonging to one 
of five broad categories, i.e., surfactants, fatty acids, bile 
salts, chelating agents, and non-chelating non-surfactants (Lee 
et al.. Critical Reviews in Therapeutic Drug Carrier Systems. 
1991, p. 92) . Each of the above mentioned classes of penetration 
enhancers are described below in greater detail. 

Surfactants: In connection with the present invention, 
surfactants (or "surface-active agents") are chemical entities 
which, when dissolved in an aqueous solution, reduce the surface 
tension of the solution or the interfacial tension between the 
aqueous solution and another liquid, with the result that 
absorption of oligonucleotides through the mucosa is enhanced. 
In addition to bile salts and fatty acids, these penetration 
enhancers include, for example, sodium lauryl sulfate, 
polyoxyethylene-9-lauryl ether and polyoxyethylene-2 0-cetyl 
ether) (Lee et al . , Critical Reviews in Therapeutic Drug Carrier 
Systems, 1991, p. 92); and perfluorochemical emulsions, such as 
FC-43. Takahashi et al . , J. Pharm. Pharmacol., 1988, 40, 252). 

Fatty acids: Various fatty acids and their derivatives 
which act as penetration enhancers include, for example, oleic 
acid, lauric acid, capric acid (n-decanoic acid) , myristic acid, 
palmitic acid, stearic acid, linoleic acid, linolenic acid, 
dicaprate, tricaprate, monoolein ( 1-monooleoyl-rac-glycerol) , 
dilaurin, caprylic acid, arachidonic acid, glycerol 1- 
monocaprate , l-dodecylazacycloheptan-2 -one , acylcarni tines , 
acylcholines, C wo alkyl esters thereof {e.g., methyl, isopropyl 
and fc-butyl) , and mono- and di-glycerides thereof (i.e., oleate, 
laurate, caprate, myristate, palmitate, stearate, linoleate, 
etc.) (Lee et al., Critical Reviews in Therapeutic Drug Carrier 
Systems, 1991, p. 92; Muranishi, Critical Reviews in Therapeutic 
Drug Carrier Systems, 1990, 7, 1-33; El Hariri et al . , J. Pharm. 
Pharmacol., 1992, 44, 651-654). 
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Bile salts: The physiological role of bile includes the 
facilitation of dispersion and absorption of lipids and fat- 
soluble vitamins (Brunton, Chapter 38 in: Goodman & Oilman 1 s The 
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al . 
Eds., McGraw-Hill, New York, 1996, pp. 934-935). Various natural 
bile salts, and their synthetic derivatives, act as penetration 
enhancers. Thus the term "bile salts" includes any of the 
naturally occurring components of bile as well as any of their 
synthetic derivatives. The bile salts of the invention 
include, for example, cholic acid (or its pharmaceutical^ 
acceptable sodium salt, sodium cholate) , dehydrocholic acid 
(sodium dehydrocholate) , deoxycholic acid (sodium deoxycholate) , 
glucholic acid (sodium glucholate) , glycholic acid (sodium 
glycocholate) , glycodeoxycholic acid (sodium glycodeoxycholate) , 
taurocholic acid (sodium taurocholate) , taurodeoxycholic acid 
(sodium taurodeoxy cholate) , chenodeoxy cholic acid (sodium 
chenodeoxycholate) , ursodeoxycholic acid (UDCA) , sodium tauro- 
24, 25-dihydro-fusidate (STDHF) , sodium glycodihydrof usidate and 
polyoxyethylene-9-lauryl ether (POE) (Lee et al . , Critical 
Reviews in Therapeutic Drug- Carrier Systems, 1991, page 92; 
Swinyard, Chapter 39 In: Remington's Pharmaceutical Sciences, 
18th Ed., Gennaro, ed. , Mack Publishing Co., Easton, PA, 1990, 
pages 782-783; Muranishi, Critical Reviews in Therapeutic Drug 
Carrier Systems, 1990, 7, 1-33; Yamamoto et al., J". Pharm. Exp. 
Ther., 1992, 263, 25; Yamashita et al . , J . Pharm. Sci . , 1990, 
79, 579-583) . 

Chelating Agents: Chelating agents, as used in connection 
with the present invention, can be defined as compounds that 
remove metallic ions from solution by forming complexes 
therewith, with the result that absorption of oligonucleotides 
through the mucosa is enhanced. With regards to their use as 
penetration enhancers in the present invention, chelating agents 
have the added advantage of also serving as DNase inhibitors, as 
most characterized DNA nucleases require a divalent metal ion 
for catalysis and are thus inhibited by chelating agents 
(Jarrett, J". Chromatogr. , 1993, 618, 315-339). Chelating agents 
of the invention include but are not limited to disodium 
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ethylenediaminetetraacetate (EDTA) , citric acid, salicylates 
(e.g., sodium salicylate, 5 -methoxy salicylate and homo vani late) , 
JV-acyl derivatives of collagen, laureth-9 and N-amino acyl 
derivatives of beta-diketones (enamines) (Lee et al . , Critical 
Reviews in Therapeutic Drug- Carrier Systems, 1991, page 92; 
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 
1990, 7, 1-33; Buur efc al . , tf. Control Rel., 1990, 14, 43-51). 

Non-chelating non- surfactants : As used herein, non- 
chelating non-surfactant penetration enhancing compounds can be 
defined as compounds that demonstrate insignificant activity as 
chelating agents or as surfactants but that nonetheless enhance 
absorption of oligonucleotides through the alimentary mucosa 
(Muranishi, Critical Reviews in Therapeutic Drug Carrier 
Systems, 1990, 7, 1-33). This class of penetration enhancers 
include, for example, unsaturated cyclic ureas, 1-alkyl- and 1- 
alkenylazacyclo-alkanone derivatives (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, page 92) ; and 
non-steroidal anti- inflammatory agents such as diclofenac 
sodium, indomethacin and phenylbutazone (Yamashita et al . , J. 
Pharm. Pharmacol., 1987, 39, 621-626). 

Agents that enhance uptake of oligonucleotides at the 
cellular level may also be added to the pharmaceutical and other 
compositions of the present invention. For example, cationic 
lipids, such as lipofectin (Junichi et al, U.S. Patent No. 
5,705,188), cationic glycerol derivatives, and polycationic 
molecules, such as poly lysine (Lollo et al. , PCT Application WO 
97/30731), are also known to enhance the cellular uptake of 
oligonucleotides . 

Other agents may be utilized to enhance the penetration of 
the administered nucleic acids, including glycols such as 
ethylene glycol and propylene glycol, pyrrols such as 2 -pyrrol, 
azones, and terpenes such as limonene and menthone. 

Carriers 

Certain compositions of the present invention also 
incorporate carrier compounds in the formulation. As used 
herein, "carrier compound" or "carrier" can refer to a nucleic 
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acid, or analog thereof, which is inert (i.e., does not possess 
biological activity per se) but is recognized as a nucleic acid 
by in vivo processes that reduce the bioavailability of a 
nucleic acid having biological activity by, for example, 
degrading the biologically active nucleic acid or promoting its 
removal from circulation. The coadministration of a nucleic 
acid and a carrier compound, typically with an excess of the 
latter substance, can result in a substantial reduction of the 
amount of nucleic acid recovered in the liver, kidney or other 
extracirculatory reservoirs, presumably due to competition 
between the carrier compound and the nucleic acid for a common 
receptor. For example, the recovery of a partially 
phosphorothioate oligonucleotide in hepatic tissue can be 
reduced when it is coadministered with, polyinosinic acid, 
dextran sulfate, polycytidic acid or 4-acetamido-4 1 isothiocyano- 
stilbene-2 , 2 1 -disulf onic acid (Miyao et al., AntisenseRes. 
Dev., 1995, 5, 115-121; Takakura et al . , Antisense & Nucl . Acid 
Drug- Dev. , 1996, 5, 177-183) . 

Excipients 

In contrast to a carrier compound, a "pharmaceutical 
carrier" or "excipient" is a pharmaceutically acceptable 
solvent, suspending agent or any other pharmacologically inert 
vehicle for delivering one or more nucleic acids to an animal. 
The excipient may be liquid or solid and is selected, with the 
planned manner of administration in mind, so as to provide for 
the desired bulk, consistency, etc. , when combined with a 
nucleic acid and the other components of a given pharmaceutical 
composition. Typical pharmaceutical carriers include, but are 
not limited to, binding agents (e.g., pregelatinized maize 
starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose, 
etc.); fillers (e.g., lactose and other, sugars, microcrystalline 
cellulose, pectin, gelatin, calcium sulfate, ethyl cellulose, 
polyacrylates or calcium hydrogen phosphate, etc.); lubricants 
(e.g., magnesium stearate, talc, silica, colloidal silicon 
dioxide, stearic acid, metallic stearates, hydrogenated 
vegetable oils, corn starch, polyethylene glycols, sodium 
benzoate, sodium acetate, etc.); disintegrants (e.g., starch, 
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sodium starch glycolate, etc.); and wetting agents (e.g., sodium 
lauryl sulphate, etc.). 

Pharmaceutically acceptable organic or inorganic excipient 
suitable for non-parenteral administration which do not 
deleteriously react with nucleic acids can also be used to 
formulate the compositions of the present invention. Suitable 
pharmaceutically acceptable carriers include, but are not 
limited to, water, salt solutions, alcohols, polyethylene 
glycols, gelatin, lactose, amylose, magnesium stearate, talc, 
silicic acid, viscous paraffin, hydroxymethylcellulose, 
polyvinylpyrrolidone and the like. 

Formulations for topical administration of nucleic acids 
may include sterile and non-sterile aqueous solutions, non- 
aqueous solutions in common solvents such as alcohols, or 
solutions of the nucleic acids in liquid or solid oil bases. 
The solutions may also contain buffers, diluents and other 
suitable additives. Pharmaceutically acceptable organic or 
inorganic excipients suitable for non-parenteral administration 
which do not deleteriously react with nucleic acids can be used. 

Suitable pharmaceutically acceptable excipients include, 
but are not limited to, water, salt solutions, alcohol, 
polyethylene glycols, gelatin, lactose, amylose, magnesium 
stearate, talc, silicic acid, viscous paraffin, 
hydroxymethylcellulose, polyvinylpyrrolidone and the like. 

Other Components 

The compositions of the present invention may additionally 
contain other adjunct components conventionally found in 
pharmaceutical compositions, at their art-established usage 
levels. Thus, for example, the compositions may contain 
additional, compatible, pharmaceutically-active materials such 
as,. for example, antipruritics, astringents, local anesthetics 
or ant i- inflammatory agents, or may contain additional materials 
useful in physically formulating various dosage forms of the 
compositions of the present invention, such as dyes, flavoring 
agents , preservatives , antioxidants , opacif iers , thickening 
agents and stabilizers. However, such materials, when added, 
should not unduly interfere with the biological activities of 
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the components of the compositions of the present invention. 
The formulations can be sterilized and, if desired, mixed with 
auxiliary agents, e.g., lubricants, preservatives, stabilizers, 
wetting agents, emulsifiers, salts for influencing osmotic 
pressure, buffers, colorings, flavorings and/or aromatic 
substances and the like which do not deleteriously interact with 
the nucleic acid(s) of the formulation. 

Aqueous suspensions may contain substances which increase 
the viscosity of the suspension including, for example, sodium 
carboxymethylcellulose, sorbitol and/or dextran. The suspension 
may also contain stabilizers. 

Certain embodiments of the invention provide pharmaceutical 
compositions containing (a) one or more antisense compounds and 
(b) one or more other chemotherapeutic agents which function by 
a non-antisense mechanism. Examples of such chemotherapeutic 
agents include but are not limited to daunorubicin, daunomycin, 
dactinomycin, doxorubicin, epirubicin, idarubicin, esorubicin, 
bleomycin, mafosf amide, if osf amide, cytosine arabinoside, bis- 
chloroethylnitrosurea, busulfan, mitomycin C, actinomycin D, 
mi thramycin, prednisone , hydroxyprogesterone , testosterone , 
tamoxifen, dacarbazine, procarbazine, hexamethylmelamine, 
pen tame thy lmelamine , mi toxantrone , amsacrine , chlorambuci 1 , 
methylcyclohexylnitrosurea, nitrogen mustards, melphalan, 
cyclophosphamide , 6-mercaptopurine , 6- thioguanine , cy tarabine , 
5-azacytidine, hydroxyurea, deoxycof ormycin, 4- 
hydroxyperoxycyclophosphoramide, 5-f luorouracil (5-FU) , 5- 
fluorodeoxyuridine (5-FUdR) , methotrexate (MTX) , colchicine, 
taxol, vincristine, vinblastine, etoposide (VP-16) , 
trimetrexate, irinotecan, topotecan, gemcitabine, teniposide, 
cisplatin and diethylstilbestrol (DES) . See, generally, The 
Merck Manual of Diagnosis and Therapy, 15th Ed. 1987, pp. 1206- 
1228, Berkow et al . , eds . , Rahway, N.J. When used with the 
compounds of the invention, such chemotherapeutic agents may be 
used individually (e.g., 5-FU and oligonucleotide), sequentially 
(e.g., 5-FU and oligonucleotide for a period of time followed by 
MTX and oligonucleotide) , or in combination with one or more 
other such chemotherapeutic agents (e.g., 5-FU, MTX and 
oligonucleotide, or 5-FU, radiotherapy and oligonucleotide) . 
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Anti-inf lammatory drugs, including but not limited to 
nonsteroidal ant i- inflammatory drugs and corticosteroids, and 
antiviral drugs, including but not limited to ribivirin, 
vidarabine, acyclovir and ganciclovir, may also be combined in 
compositions of the invention. See, generally, The Merck Manual 
of Diagnosis and Therapy, 15th Ed., Berkow et al., eds . , 1987/ 
Rahway, N.J., pages 2499-2506 and 46-49, respectively). Other 
non-antisense chemotherapeutic agents are also within the scope 
of this invention. Two or more combined compounds may be used 
together or sequentially. 

In another related embodiment, compositions of the 
invention may contain one or more antisense compounds, 
particularly oligonucleotides, targeted to a first nucleic acid 
and one or more additional antisense compounds targeted to a 
second nucleic acid target. Numerous examples of antisense 
compounds are known in the art. Two or more combined compounds 
may be used together or sequentially. 

The formulation of therapeutic compositions and their 
subsequent administration is believed to be within the skill of 
those in the art. Dosing is, dependent on severity and 
responsiveness of the disease state to be treated, with the 
course of treatment lasting from several days to several months,, 
or until a cure is effected or a diminution of the disease state 
is achieved. Optimal dosing schedules can.be calculated from 
measurements of drug accumulation in the body of the patient. 
Persons of ordinary skill can easily determine optimum dosages, 
dosing methodologies and repetition rates. Optimum dosages may 
vary depending on the relative potency of individual 
oligonucleotides, and can generally be estimated based on EC 50 s 
found to be effective in in vitro and in vivo animal models . In 
general, dosage is from 0.01 ug to 100 g per kg of body weight, 
and may be given once or more daily, weekly, monthly or yearly, 
or even once every 2 to 20 years. Persons of ordinary skill in 
the art can easily estimate repetition rates for dosing based oh 
measured residence times and concentrations of the drug in 
bodily fluids or tissues. Following successful treatment, it 
may be desirable to have the patient undergo maintenance therapy 
to prevent the recurrence of the disease state, wherein the 
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oligonucleotide is administered in maintenance doses, ranging 
from 0-01 ug to 100 g per kg of body weight, once or more daily, 
to once every 20 years. 

While the present invention has been described with 
specificity in accordance with certain of its preferred 
embodiments, the following examples serve only to illustrate the 
invention and are not intended to limit the same. 
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EXAMPLES 



Example 1 

Nucleoside Phosphoramidites for Oligonucleotide Synthesis 
Deoxy and 2'-alkoxy amidites 

2'-Deoxy and 2 ' -methoxy beta-cyanoethyldiisopropyl 
phosphoramidites were purchased from commercial sources (e.g. 
Chemgenes, Needham MA or Glen Research, Inc. Sterling VA) . 
Other 2'-0-alkoxy substituted nucleoside amidites are prepared 
as described in U.S. Patent 5,506,351, herein incorporated by 
reference. For oligonucleotides synthesized using 2 ' -alkoxy 
amidites, the standard cycle for unmodified oligonucleotides was 
utilized, except the wait step after pulse delivery of tetrazole 
and base was increased to 360 seconds. 

Oligonucleotides containing 5-methyl-2 ' -deoxycytidine (5- 
Me-C) nucleotides were synthesized according to published 
methods [Sanghvi, et. al . , Nucleic Acids Research, 1993, 21, 
3197-3203] using commercially available phosphoramidites (Glen 
Research, Sterling VA or ChemGenes, Needham MA) . 

2'-Fluoro amidites 

2 ' -Fluorodeoxyadenosiixe amidites 

2'-fluoro oligonucleotides were synthesized as described 
previously [Kawasaki, et. al . , J. Med. Chem. , 1993, 36, 831-841] 
and United States patent 5,670,633, herein incorporated by 
reference. Briefly, the protected nucleoside N6-benzoyl-2 1 - 
deoxy-2 ' -f luoroadenosine was synthesized utilizing commercially 
available 9-beta-D-arabinof uranosyladenine as starting material 
and by modifying literature procedures whereby the 2 ' -alpha- 
fluoro atom is introduced by a S N 2 -displacement of a 2 ' -beta- 
trityl group. Thus N6-benzoyl-9-beta-D-arabinof uranosyladenine 
was selectively protected in moderate yield as the 3 1 , 5 1 - 
ditetrahydropyranyl (THP) intermediate. Deprotectioii of the THI 
and N6-benzoyl groups was accomplished using standard 
methodologies and standard methods were used to obtain the 5 1 - 
dime thoxy trityl- (DMT) and 5 ' -DMT- 3 1 -phosphoramidite 
intermediates . 



WO 03/053342 



PCT/US02/39182 



RTSP-0443 -50- 
2 ' -Fluorodeoxyguanosine 

The synthesis of 2 1 -deoxy-2 ' -f luoroguanosine was 
accomplished using tetraisopropyldisiloxanyl (TPDS) protected 9- 
beta-D-arabinofuranosylguanine as starting material, and 
conversion to the intermediate diisobutyryl- 

arabinof uranosylguanosine . Deprotection of the TPDS group was 
followed by protection of the hydroxyl group with THP to give 
diisobutyryl di-THP protected arabinof uranosylguanine . 
Selective O-deacylation and trif lation was followed by treatment 
of the crude product with fluoride, then deprotection of the THP 
groups. Standard methodologies were used to obtain the 5 1 -DMT- 
and 5 ' -DMT- 3 ' -phosphoramidites . 

2 9 -Fluorouridine 

Synthesis of 2 ' -deoxy-2 ' -fluorouridine was accomplished by 
the modification of a literature procedure in which 2,2'- 
anhydro-l-beta-D-arabinofuranosyluracil was treated with 70% 
hydrogen f luoride-pyridine . Standard procedures were used to 
obtain the 5 ' -DMT and 5 ' -DMT-3 ' phosphoramidites . 



2 ' - Fluor odeoxycyt idine 

2 ' -deoxy-2 * -f luorocytidine was synthesized via amination of 
2 ' -deoxy-2 ' -fluorouridine, followed by selective protection to 
give N4-benzoyl-2 ' -deoxy-2 ' -f luorocytidine . Standard .procedures 
were used to obtain the 5 1 -DMT and 5 ' -DMT- 3 1 phosphoramidites . 

2' -O- (2-Methoxyetlxyl) modified amidites 

2 ■ -o-Methoxyethyl-substituted nucleoside amidites are 
prepared as follows, or alternatively, as per the methods of 
Martin, P., Helvetica Chimica Acta, 1995, 78, 486-504. 

2,2' -Anhydro [1- (bet a-D- arabinof uranosyl) -5-methyluridine] 

5 -Me thy lur idine (ribosyl thymine, commercially available 
through Yamasa, Choshi, Japan) (72.0 g, 0.279 M), diphenyl- 
carbonate (90.0 g, 0.420 M) and sodium bicarbonate (2.0 g, 0.024 
M) were added to DMF (3 00 mli) . The mixture was heated to 
reflux, with stirring, allowing the evolved carbon dioxide gas 
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to be released in a controlled manner. After 1 hour, the 
slightly darkened solution was concentrated under reduced 
pressure. The resulting syrup was poured into diethylether (2.5 
L) , with stirring. The product formed a gum. The ether was 
decanted and the residue was dissolved in a minimum amount of 
methanol (ca. 400 mL) . The solution was poured into fresh ether 
(2.5 L) to yield a stiff gum. The ether was decanted and the 
gum was dried in a vacuum oven (60°C at 1 mm Hg for 24 h) to give 
a solid that was crushed to a light tan powder (57 g, 85% crude 
yield) . The NMR spectrum was consistent with the structure, 
contaminated with phenol as its sodium salt (ca. 5%) . The 
material was used as is for further reactions (or it can be 
purified further by column chromatography using a gradient of 
methanol in ethyl acetate (10-2 5%) to give a white solid, mp 
222-4°C) . 

2 1 -O-Methoxyethyl-5-metliyluridine 

. 2, 2 ' -Anhydro-5-methyluridine (195 g, 0.81 M) , tris(2- 
methoxyethyl) borate (231 g, 0.98 M) and 2-methoxyethanol (1.2 L) 
were added to a 2 L stainless steel pressure vessel and placed 
in a pre-heated oil bath at 160°C. After heating for 48 hours at 
155-160°C, the vessel was opened and the solution evaporated to 
dryness and triturated with MeOH (200 mL) . The residue was 
suspended in hot acetone (1 L) . The insoluble salts were 
filtered, washed with acetone (150 mL) and the filtrate 
evaporated. The residue (280 g) was dissolved in CH 3 CN (600 mL) 
and evaporated. A silica gel column (3 kg) was packed in 
CH 2 C1 2 / acetone /MeOH (20:5:3) containing 0.5% Et 3 NH. The residue 
was dissolved in CH 2 C1 2 (250 mL) and adsorbed onto silica (150 g) 
prior to loading onto the column. The product was eluted with 
the packing solvent to give 160 g (63%) of product. Additional 
material was obtained by reworking impure fractions. 

2 ■ -O-Methoxyetliyl-5 ■ -O-dimethoxytrityl-S-methyluridine 

2 1 ~0-Methoxyethyl-5-methyluridine (160 g, 0.506 M) was co- 
evaporated with pyridine (25 0 mL) and the dried residue 
dissolved in pyridine (1.3 L) . A first aliquot of 
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dimethoxytrityl chloride (94.3 g, 0.278 M) was added and the 
mixture stirred at room temperature for one hour. A second 
aliquot of dimethoxytrityl chloride (94.3 g, 0.278 M) was added 
and the reaction stirred for an additional one hour. Methanol 
(170 mL) was then added to stop the reaction. HPLC showed the 
presence of approximately 7 0% product. The solvent was 
evaporated and triturated with CH 3 CN (200 mL) . The residue was 
dissolved in CHC1 3 (1.5 L) and extracted with 2x500 mL of 
saturated NaHC0 3 and 2x5 00 mL of saturated NaCl. The organic 
phase was dried over Na 2 S0 4 , filtered and evaporated. 275 g of 
residue was obtained. The residue was purified on a 3 . 5 kg 
silica gel column, packed and eluted with EtOAc/hexane/acetone 
(5:5:1) containing 0.5% Et 3 NH. The pure fractions were 
evaporated to give 164 g of product. Approximately 20 g 
additional was obtained from the impure fractions to give a 
total yield of 183 g (57%) . 

3 i -o-Acetyl-2 ' - O -met hoxy ethyl - 5 ■ -O-dimethoxytrityl-5- 
methyluridine 

2 • -O-Methoxyethyl-5 1 -O-dimethoxytrityl-5-methyluridine (106 
g, 0.167 M) , DMF/pyridine (750 mL of a 3 : 1 mixture prepared from 
562 mL of DMF and 188 mL of pyridine) and acetic anhydride 
(24.38 mL, 0.258 M) were combined and stirred at room 
temperature for 24 hours. The reaction was monitored by TLC by 
first quenching the TLC sample with the addition of MeOH. Upon 
completion of the reaction, as judged by TLC, MeOH (50 mL) was 
added and the mixture evaporated at 3 5°C. The residue was 
dissolved in CHCl 3 (800 mL) and extracted with 2x200 mL of 
saturated sodium bicarbonate and 2x200 mL of saturated NaCl. 
The water layers were back extracted with 200 mL of CHC1 3 . The 
combined organics were dried with sodium sulfate and evaporated 
to give 122 g of residue (approx. 90% product) . The residue was 
purified on a 3 . 5 kg silica gel column and eluted using 
EtOAc/hexane (4 : 1) . Pure product fractions were evaporated to 
yield 96 g (84%) . An additional 1.5 g was recovered from later 
fractions . 
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3 i -o-Acetyl-2 1 -O-methoxyethyl-5 • -O-dimethoxytrityl-5- 
methyl-4-triazoleuridine 

A first solution was prepared by dissolving 3 ' -O-acetyl-2 ' - 
O-methoxyethyl-5 1 -O-dimethoxytrityl-5-methyluridine (96 g, 0 . 144 
2/1) in CH 3 CN (7 00 mL) and set aside. Triethylamine (189 mL, 1.44 
M) was added to a solution of triazole (90 g, 1.3 M) in CH 3 CN (1 
Ij) , cooled to -5°C and stirred for 0.5 h using an overhead 
stirrer. P0C1 3 was added dropwise, over a 30 minute period, to 
the stirred solution maintained at 0-10°C, and the resulting 
mixture stirred for an additional 2 hours. The first solution 
was added dropwise, over a 45 minute period, to the- latter 
solution.' The resulting reaction mixture was stored overnight- 
in a cold room. Salts were filtered from the reaction mixture 
and the solution was evaporated. The residue was dissolved in 
EtOAc (1 L) and the insoluble solids were removed by filtration. 
The filtrate was washed with 1x300 mL of NaHC0 3 and 2x3 00 mL of 
saturated NaCl, dried over sodium sulfate and evaporated. The 
residue was triturated with EtOAc to give the title compound. 

2 1 -O-Methoxyethyl - 5 1 -O-dimethoxytrityl-5-methylcytidine 

A solution of 3 ' -O-acetyl-2 ' -O-methoxyethyl-5 ' -O-dimethoxy- 
trityl-5-methyl-4-triazoleuridine (103 g, 0.141 M) in dioxane 
(500 mL) and NH 4 OH (30 mL) was stirred at room temperature for 2 
hours. The dioxane solution was evaporated and the residue 
azeotroped with MeOH (2x200 mL) . The residue was dissolved in 
MeOH (300 mL) and transferred to a 2 liter stainless steel 
pressure vessel. MeOH (400 mL) saturated with NH 3 gas was added 
and the vessel heated to 100°C for 2 hours (TLC showed complete 
conversion) . The vessel contents were evaporated to dryness and 
the residue was dissolved in EtOAc (500 mL) and washed once with 
saturated NaCl (2 00 mL) . The organics were dried over sodium 
sulfate and the solvent was evaporated to give 85 g (95%) of the 
title compound. 
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N4~Benzoyl-2 ■ - O -me thoxy ethyl - 5 1 -O-dimethoxytrityl-5-methyl- 
cytidine 

2 * -O-Methoxyethyl-5 ' -0-dimethoxytrityl-5-methylcytidine (85 
g, 0.134 M) was dissolved in DMF (800 mL) and benzoic anhydride 
(37.2 g, 0.165 M) was added with stirring. After stirring for 3 
frours, TLC showed the reaction to be approximately 95% complete. 
The solvent was evaporated and the residue azeotroped with MeOH 
(200 mL) . The residue was dissolved in CHC1 3 (700 mL) and 
extracted with saturated NaHC0 3 (2x300 mL) and saturated NaCl 
(2x300 mL) , dried over MgS0 4 and evaporated to give a residue (96 
g) . The residue was chromatographed on a 1.5 kg silica column 
using EtOAc/hexane (1:1) containing 0.5% Et 3 NH as the eluting 
solvent. The pure product fractions were evaporated to give 90 
g (90%) of the title compound. 

N4-Benzoyl-2 1 - O -me t hoxye t hy 1 - 5 ■ -O-dime thoxytr i ty 1 - 5 -methyl - 
cytidine-3 ■ -amidite 

N4-Benzoyl-2 ' -O-methoxyethyl-5 ' -0-dimethoxytrityl-5-methyl- 
cytidine (74 g, 0.10 M) was dissolved in CH 2 C1 2 (1 L) . Tetrazole 
diisopropylamine (7.1 g) and 2-cyanoethoxy-tetra (isopropyl) - 
phosphite (40.5 mL, 0.123 M) were added with stirring, under a 
nitrogen atmosphere. The resulting mixture was stirred for 20 
hours at room temperature (TLC showed the reaction to be 95% 
complete) . The reaction mixture was extracted with saturated 
NaHC0 3 (1x3 00 mL) and saturated NaCl (3x300 mL) . The aqueous 
washes were back-extracted with CH 2 C1 2 (300 mL) , and the extracts 
were combined, dried over MgS0 4 and concentrated. The residue 
obtained was chromatographed on a 1 . 5 kg silica column using 
EtOAc/hexane (3:1) as the eluting solvent. The pure fractions 
were combined to give 90.6 g (87%) of the title compound. 

2'-0- (Aminooxyethyl) nucleoside amidites and 2 ' -O- 
(dimefchylaminooxyethyl) nucleoside amidites 

2 1 - (Dimethylaminooxyethoxy) nucleoside amidites 

2 1 - (Dime thy laminooxyethoxy) nucleoside amidites [also known 
in the art as 2 ' -0- (dimethylaminooxyethyl) nucleoside amidites] 
are prepared as described in the following paragraphs. 
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jvdenosine, cytidine and guanosine nucleoside amidites are 
prepared similarly to the thymidine ( 5-methyluridine) except the 
^xocyclic amines are protected with a benzoyl moiety in the case 
of adenosine and cytidine and with isobutyryl in the case of 
guano sine . 

5 1 -0-tert-Butyldiphenylsilyl-0 2 -2 1 -anhydro- 5-methyluridine 

0 2 -2 ' -anhydro- 5-methyluridine (Pro. Bio. Sint. , Varese, 
Italy, 100. Og, 0.416 mmol) , dimethylaminopyridine (0.66g, 
0.013eq, 0.0054mmol) were dissolved in dry pyridine (500 ml) at 
ambient temperature under an argon atmosphere and with 
mechanical stirring. tert-Butyldiphenylchlorosilane (125. 8g, 
119. OmL, l.leq, 0.458mmol) was added in one portion. The 
reaction was stirred for 16 h at ambient temperature. TLC (Rf 
0-22, ethyl acetate) indicated a complete reaction. The 
solution was concentrated under reduced pressure to a thick oil. 
This was partitioned between dichlorome thane (1 L) and saturated 
sodium bicarbonate (2x1 L) and brine (1 L) . The organic layer 
was dried over sodium sulfate and concentrated under reduced 
pressure to a thick oil. The oil was dissolved in a 1:1 mixture 
of ethyl acetate and ethyl ether (600mL) and the solution was 
cooled to 

-10°C. The resulting crystalline product was collected by 
filtration, washed with ethyl ether (3x200 mL) and dried (40°C, 
1mm Hg, 24 h) to 149g (74.8%) of white solid. TLC and NMR were 
consistent with pure product. 

5 ■ -O-tert-Butyldiphenylsilyl-2 ■ -O- (2-hydroxyethyl) -5- 
methyluridine 

In a 2 L stainless steel, unstirred pressure reactor was 
added borane in tetrahydrofuran (1.0 M, 2.0 eq, 622 mL) . In the 
fume hood and with manual stirring, ethylene glycol (350 mL, 
excess) was added cautiously at first until the evolution of 
hydrogen gas subsided. 5 ' ~0-tert-Butyldiphenylsilyl-0 2 -2 ' - 
anhydro-5-methyluridine (149 g, 0.311 mol) and sodium 
bicarbonate (0.074 g, 0.003 eq) were added with manual stirring. 
The reactor was sealed and heated in an oil bath until an 
internal temperature of 160 °C was reached and then maintained 
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for 16 h (pressure < 100 psig) . The reaction vessel was cooled 
to ambient and opened. TLC (Rf 0.67 for desired product and Rf 
0.82 for ara-T side product, ethyl acetate) indicated about 70% 
conversion to the product. In order to avoid additional side 
product formation, the reaction was stopped, concentrated under 
reduced pressure (10 to 1mm Hg) in a warm water bath (40-100°C) 
with the more extreme conditions used to remove the ethylene 
glycol. [Alternatively, once the low boiling solvent is gone, 
the remaining solution can be partitioned between ethyl acetate 
and water. The product will be in the organic phase.] The 
residue was purified by column chromatography (2kg silica gel, 
ethyl acetate-hexanes gradient 1:1 to 4:1). The appropriate 
fractions were combined, stripped and dried to product as a 
white crisp foam (84g, 50%) , contaminated starting material 
(17.4g) and pure reusable starting material 20g. The yield 
based on starting material less pure recovered starting material 
was 58%. TLC and NMR were consistent with 99% pure product. 

2 f -O- ( [2-phthalimidoxy) ethyl] -5 ■ - t-butyldiphenylsilyl-S- 
methyluridine 

5 ' -O-tert-Butyldiphenylsilyl-2 ' -0- (2-hydroxyethyl) -5- 
methyluridine (20g, 36.98mmol) was mixed with triphenylphosphine 
(11.63g, 44.36mmol) and N-hydroxyphthalimide (7.24g, 44.36mmol). 
It was then dried over P 2 0 5 under high vacuum for two days at 
40°C. The reaction mixture was flushed with argon and dry THF 
(369. 8mL, Aldrich, sure seal bottle) was added to get a clear 
solution. Diethyl-azodicarboxylate (6.98mli, 44.3 6mmol) was 
added dropwise to the reaction mixture. The rate of addition is 
maintained such that resulting deep red coloration is just 
discharged before adding the next drop. After the addition was 
complete, the reaction was stirred for 4 hrs. By that time TLC 
showed the completion of the reaction (ethylacetate :hexane, 
60:40). The solvent was evaporated in vacuum. Residue obtained 
was placed on a flash column and eluted with ethyl 
acetate :hexane (60:40), to get 2 ' -O- ( [2-phthalimidoxy) ethyl] -5 ' - 
t-butyldiphenylsilyl-5-methyluridine as white foam (21.819 g, 
86%). 
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5 • -o-tert-butyldiphenylsilyl-2 ' -O- [ (2-f ormadoximinooxy) ethyl] -5- 
methyluridine 

2 ' -0- ( [2-phthalimidoxy) ethyl] -5 ' - t-butyldiphenylsilyl-5- 
methyluridine (3.1g, 4.5mmol) was dissolved in dry CH 2 C1 2 (4.5mL) 
and methylhydrazine (300mL, 4.64mmol) was added dropwise at -10°C- 
to 0°C. After 1 h the mixture was filtered, the filtrate was 
washed with ice cold CH 2 C1 2 and the combined organic .phase was 
washed with water, brine and dried over anhydrous Na 2 S0 4 . The 
solution was concentrated to get 2 1 -O- (aminooxyethyl) thymidine, 
which was then dissolved in MeOH (67.5mL) . To this formaldehyde 

(20% aqueous solution, w/w, 1.1 eq.) was added and the resulting 
mixture was strirred for 1 h. Solvent was removed under vacuum; 
residue chromatographed to get 5 1 -O- tert-butyldiphenylsilyl-2 ' - 
O- [ (2-formadoximinooxy) ethyl] -5 -methyluridine as white foam 

(1.95 g, 78%) . 

5 i _o- tert-Butyldiphenylsilyl-2 1 -O- [N,N- 
dimethylaminooxyethy 1 ] - 5 -methyluridine 

5 « -o-fcert-butyldiphenylsilyl-2 ' -O- [ (2- 
formadoximinooxy) ethyl] -5 -methyluridine (1.77g, 3.12mmol) was 
dissolved in a solution of 1M pyridinium p- toluenesulf onate 
(PPTS) in dry MeOH (30.6mL). Sodium cyanoborohydride (0.39g, 
6-13mmol) was added to this solution at 10°C under inert 
atmosphere. The reaction mixture was stirred for 10 minutes at 
10°C. After that the reaction vessel was removed from the ice 
bath and stirred at room temperature for 2 h, the reaction 
monitored by TLC (5% MeOH in CH 2 C1 2 ) . Aqueous NaHC0 3 solution 
(5%, 10mL) was added and extracted with ethyl acetate (2x20mL) . 
Ethyl acetate phase was dried over anhydrous Na 2 S0 4 , evaporated 
to dryness. Residue was dissolved in a solution of 1M PPTS in 
MeOH (30.6mL). Formaldehyde (20% w/w, 30mL, 3.37mmol) was added 
and the reaction mixture was stirred at room temperature for 10 
minutes. Reaction mixture cooled to 10°C in an ice bath, sodium 
cyanoborohydride (0.39g, 6.13mmol) was added and reaction 
mixture stirred at 10°C for 10 minutes. After 10 minutes, the 
reaction mixture was removed from the ice bath and stirred at 
room temperature for 2 hrs . To the reaction mixture 5% NaHC0 3 
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(25mL) solution was added and extracted with ethyl acetate 
(2x25mL) . Ethyl acetate layer was dried over anhydrous Na 2 S0 4 
and evaporated to dryness . The residue obtained was purified 
by flash column chromatography and eluted with 5% MeOH in CH 2 C1 2 
to get 5 , -0-ter-t-butyldiphenylsilyl-2'-0-[N / N- 

dime thy laminooxyethyl ] -5-methyluridine as a white foam (14. 6g, 
80%) . 

2 ■ -O- ( dimethyl aminooxyethyl) -5 -methyluridine 

Triethylamine trihydrof luoride (3.91mL, 24.0mmol) was 
dissolved in dry THF and, triethylamine (1.67mli, 12mmol, dry, 
kept over KOH) . - This mixture of triethylamine-2HF was then 
added to 5 ' -0- te2rt-butyldiphenylsilyl-2 1 -O- [N,N- 
dimethylaminooxyethyl] -5-methyluridine (1.40g, 2.4mmol) and 
stirred at room temperature for 24 hrs . Reaction was monitored 
by TLC (5% MeOH in CH 2 C1 2 ) . Solvent was removed under vacuum and 
the residue placed on a flash column and eluted with 10% MeOH in 
CH 2 C1 2 to get 2 1 -O- (dime thy laminooxyethyl) -5-methyluridine 
(766mg, 92 .5%) . 

5 " -o-DMT-2 1 -O- (dimetliy laminooxyethyl) - 5-methyluridine 

2 1 -O- (dime thylaminooxyethyl) -5-methyluridine (750mg, 
2.17mmol) was dried over P 2 O s under high vacuum overnight at 40°C. 
It was then co-evaporated with anhydrous pyridine (20mL) . The 
residue obtained was dissolved in pyridine (llmL) under argon 
atmosphere- 4-dimethylaminopyridine (26.5mg, 2.60mmol), 4,4'- 
dimethoxytrityl chloride (880mg, 2.60mmol) was added to the 
mixture and the reaction mixture was stirred at room temperature 
until all of the starting material disappeared. Pyridine was 
removed under vacuum and the residue chromatographed and eluted 
with 10% MeOH in CH 2 C1 2 (containing a few drops of pyridine) to 
get 5 ' -O-DMT-2 ' -O- (dimethylamino-oxyethyl) -5-methyluridine 
(1.13g, 80%) . 
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5 " -O-DMT-2 ■ -O- (2-N, N- dime thylaminooxy ethyl) -5~ 
methyluridine-3 • - [ (2-cyanoethyl) -N,N- 
diisopropylphosphoramidite] 

5 ' -O-DMT-2 ' -O- ( dime thy laminooxye thyl ) -5-methyluridine 
(1.08g, 1.67mmol) was co-evaporated with toluene (20mL) . To the 
residue N,N-diisopropylamine tetrazonide (0.29g, 1.67mmol) was 
added and dried over P 2 0 5 under high vacuum overnight at 40°C. 
Then the reaction mixture was dissolved in anhydrous 
acetonitrile (8.4mL) and 2-cyanoethyl-N,N,N 1 ,N 1 - 

tetraisopropylphosphoramidite (2.12mL, 6.08mmol) was added. The 
reaction mixture was stirred at ambient temperature for 4 hrs 
under inert atmosphere. The progress of the reaction was 
monitored by TLC (hexane : ethyl acetate 1:1). The solvent was 
evaporated, then the residue was dissolved in ethyl acetate 

(70mL) and washed with 5% aqueous NaHC0 3 (40mL) . Ethyl acetate 
layer was dried over anhydrous Na 2 SO A and concentrated. Residue 
obtained was chromatographed (ethyl acetate as eluent) to get 

5 1 -O-DMT-2 ' -O- (2-N,N-dimethylaminooxyethyl) -5-methyluridine-3 

[ (2-cyanoethyl) ~N, N-diisopropylphosphoramidite] as a foam 

(1.04g, 74.9%) . 

2 1 - (Aminooxyethoxy) nucleoside amidites 

2 (Aminooxyethoxy) nucleoside amidites [also known in the 
art as 2 • -O- (aminooxy ethyl) nucleoside amidites] are prepared as 
described in the following paragraphs.' Adenosine, cytidine and 
thymidine nucleoside amidites are prepared similarly. 

N2 - i s obu ty ry 1 - 6 - O - dipheny 1 c arbamoyl - 2 ■ -O- (2-ethylacetyl) - 
5 f -O- (4, 4 '■ -dimethoxytrityl)guanosine-3 1 - [ (2-cyanoetliyl) - 
N, N-diisopropylphosphoramidite] 

The 2 1 -O-aminooxyethyl guanosine analog may be obtained by 
selective 2 1 -O-alkylation of diaminopurine riboside. Multigram 
quantities of diaminopurine riboside may be purchased from 
Schering AG (Berlin) to provide 2 ' -O- (2-ethylacetyl) 
diaminopurine riboside along with a minor amount of the 3 1 -O- 
isomer. 2 ■ -O- (2-ethylacetyl) diaminopurine riboside may be 
resolved and converted to 2 ' -O- (2-ethylacetyl) guanosine by 
treatment with adenosine deaminase. (McGee, D. P. C, Cook, P. 
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p., Guinosso, C. J., WO 94/02501 Al 940203.) Standard 
protection procedures should afford 2 ' -O- (2-ethylacetyl) -5 ■ -O- 

(4,4'-dimethoxytrityl)guanosine and 2-N-isobutyryl-6-0- 
diphenyl carbamoyl -2 ' -O- (2-ethylacetyl) -5 ■ -o- (4,4'- 
dimethoxytrityl)guanosine which may be reduced to provide 2-N- 
isobutyryl-6-0-diphenylcarbamoyl-2 ' -O- (2-hydroxyethyl) -5 • -O- 

(4,4'-dimethoxytrityl)guanosine. As before the hydroxyl group 
may be displaced by N-hydroxyphthalimide via a Mitsunobu 
reaction, and the protected nucleoside may phosphitylated as 
usual to yield 2-N-isobutyryl-6-0-diphenylcarbamoyl-2 ' -O- ( [2- 
phthalmidoxy] ethyl) -5 ■ -0- (4, 4 ' -dimethoxytrityl) guanosine-3 '- [ (2- 
cyanoethyl) -N,N-diisopropylphosphoramidite] . 

2 ' -dimethylaminoethoxyethoxy (2--DMAEOE) nucleoside amidites 

2 ' -dimethylaminoethoxyethoxy nucleoside amidites (also 
laiown in the art as 2 ' -O-dimethylaminoethoxyethyl , i.e., 2 ' -O- 
CH 2 -0-CH 2 -N(CH 2 ) 2 , or 2 ' -DMAEOE nucleoside amidites) are prepared 
as follows. Other nucleoside amidites are prepared similarly. 

2 ' -O- 12 (2-N, N-dimethylaminoethoxy) ethyl] -5 -methyl uridine 

2 [2- (Dimethylamino)ethoxy]ethanol (Aldrich, 6.66 g, 50 
mmol) is slowly added to a solution of borane in tetrahydrofuran 
(1 M, 10 mL, 10 mmol) with stirring in a 100 mL bomb. Hydrogen 
gas evolves as the solid dissolves. O 2 - , 2 ' -anhydro-5- 
methyluridine (1.2 g, 5 mmol), and sodium bicarbonate (2.5 mg) 
are added and the bomb is sealed, placed in an oil bath and 
heated to 155°C for 26 hours. The bomb is cooled to room 
temperature and opened. The crude solution is concentrated and 
the residue partitioned between water (200 mL) and hexanes (200 
mL) . The excess phenol is extracted into the hexane layer. The 
aqueous layer is extracted with ethyl acetate (3x200 mL) and the 
combined organic layers are washed once with water, dried over 
anhydrous sodium sulfate and concentrated. The residue is 
columned on silica gel using methanol /methylene chloride 1:20 
(which has 2% triethylamine) as the eluent . As the column 
fractions are concentrated a colorless solid forms which is 
collected to give the title compound as a white solid. 
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5 • -O-dimethoxytrityl-2 • -O- [2 (2-N,N-dimethylaminoethoxy)ethyl) ] - 
5 -methyl uridine 

To 0.5 g (1-3 mmol) of 2 1 -O- [2 ( 2 -N,N- dime thy 1 amino - 
ethoxy) ethyl) ] -5-methyl uridine in anhydrous pyridine (8 mL) , 
triethylamine (0.36 mL) and dimethoxytrityl chloride (DMT-C1, 
0.87 g, 2 eq.) are added and stirred for 1 hour. The reaction 
mixture is poured into water (2 00 mL) and extracted with CH 2 C1 2 

(2x200 mL) . The combined CH 2 Cl 2 layers are washed with saturated 
NaHC0 3 solution, followed by saturated NaCl solution and dried 
over anhydrous sodium sulfate. Evaporation of the solvent 
followed by silica gel chromatography using MeOH:CH 2 Cl 2 :Et 3 N 

(20:1, v/v, with 1% triethylamine) gives the title compound. 

5 ■ -O-Dimethoxytrityl-2 » -O- [2 (2-N,N-dimethylaminoethoxy) - 
ethyl) ] -5-xnethyl uridine- 3 1 -O- (cyanoethyl-N,N- 
diisopropyl ) phosphoramidite 

Diisopropylaminotetrazolide (0.6 g) and 2-cyanoethoxy-N,N- 
diisopropyl phosphoramidite (1.1 mL, 2 eq.) are added to a 
solution of 5 ' -O-dimethoxytrityl-2 ' -0- [2 (2-N, N-dimethylamino- 
ethoxy) ethyl) ] -5-methyluridine (2.17 g, 3 mmol) dissolved in 
CH 2 C1 2 (20 mL) under an atmosphere of argon. The reaction 
mixture is stirred overnight and the solvent evaporated. The 
resulting residue is purified by silica gel flash column 
chromatography with ethyl acetate as the eluent to give the 
title compound . 

Example 2 

Oligonucleotide synthesis 

Unsubstituted and substituted phosphodiester (P=0) oligo- 
nucleotides are synthesized on an automated DNA synthesizer 
(Applied Biosystems model 3 8 OB) using standard phosphoramidite 
chemistry with oxidation by iodine. 

Phosphorothioates (P=S) are synthesized as for the 
phosphodiester oligonucleotides except the standard oxidation 
bottle was replaced by 0 . 2 M solution of 3H-1 , 2-benzodithiole-3- 
one 1,1-dioxide in acetonitrile for the stepwise thiation of the 
phosphite linkages. The thiation wait step was increased to 68 
sec and was followed by the capping step. After cleavage from 
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tlie CPG column and deblocking in concentrated ammonium hydroxide 
a t 55°C (18 h) , the oligonucleotides were purified by- 
precipitating twice with 2.5 volumes of ethanol from a 0.5 M 
]>jaCl solution. Phosphinate oligonucleotides are prepared as 

described in U.S. Patent 5,508,270, herein incorporated by 
reference . 

Alkyl phosphonate oligonucleotides are prepared as 
described in U.S. Patent 4,469,863, herein incorporated by 
reference . 

3 ' -Deoxy-3 ' -methylene phosphonate oligonucleotides are 
prepared as described in U.S. Patents 5,610,289 or 5,625,050, 
lierein incorporated by reference . 

Phosphoramidite oligonucleotides are prepared as described 
in U.S. Patent, 5,256,775 or U.S. Patent 5,366,878, herein 
incorporated by reference. 

Alkylphosphonothioate oligonucleotides are prepared as 
described in published PCT applications PCT/US94/00902 and 
PCT/US93/06976 (published as WO 94/17093 and WO 94/02499, 
respectively) , herein incorporated by reference. 

3 1 -Deoxy-3 1 -amino phosphor ami date oligonucleotides are 
prepared as described in U.S. Patent 5,476,925, herein 
incorporated by reference. 

Phosphotri ester oligonucleotides are prepared as described 
in U.S. Patent 5,023,243, herein incorporated by reference. 

Borano phosphate oligonucleotides are prepared as described 
in U.S. Patents 5,130,302 and 5,177,198, both herein 
incorporated by reference. 

Example 3 

Oligonucleoside Synthesis 

Methylenemethylimino linked oligonucleosides , also 
identified as MMI linked oligonucleosides, methylenedimethyl- 
kydrazo linked oligonucleosides, also identified as MDH linked 
oligonucleosides , and methylenecarbonylamino linked 
oligonucleosides, also identified as amide-3 linked 
oligonucleosides, and methyleneaminocarbonyl linked oligo- 
nucleosides, also identified as amide-4 linked oligonucleosides, 
as well as mixed backbone compounds having, for instance, 
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alternating MMI and P=0 or P=S linkages are prepared as 
described in U.S. Patents 5,378,825, 5,386,023, 5,489,677, 
5,602,240 and 5,610,289, all of which are herein incorporated 
by reference. 

Formacetal and thiof ormacetal linked oligonucleosides are 
prepared as described in U.S. Patents 5,2.64,562 and 5,264,564, 
herein incorporated by reference. 

Ethylene oxide linked oligonucleosides are prepared as 
described in U.S. Patent 5,223,618, herein incorporated by 
reference . 

Example 4 
PNA Synthesis 

Peptide nucleic acids (PNAs) are prepared in accordance 
with any of the various procedures referred to in Peptide 
Nucleic Acids (PNA) : Synthesis, Properties and Potential. 
Applications, Bioorganic & Medicinal Chemistry, 1996, 4, 5-23. 
They may also be prepared in accordance with U.S. Patents 
5,539,082, 5,700,922, and 5,719,262, herein incorporated by 
reference. 

Example 5 

Synthesis of Chimeric Oligonucleotides 

Chimeric oligonucleotides, oligonucleosides or mixed 
oligonucleotides/oligonucleosides of the invention can be of 
several different types. These include a first type wherein the 
"gap" segment of linked nucleosides is positioned between 5 T and 
3 1 "wing" segments of linked nucleosides and a second "open end" 
type wherein the "gap" segment is located at either the 3' or 
the 5' terminus of the oligomeric compound. Oligonucleotides of 
the first type are also known in the art as "gapmers" or gapped 
oligonucleotides. Oligonucleotides of the second type are also 
known in the art as "hemimers" or "wingmers" . 

[2 ■ -O-Me] — [2 ■ -deoxy] — [2 ■ -O-Me] Chimeric Phosphorothioate 

Oligonucleotides 

Chimeric oligonucleotides having 2 1 -O-alkyl 
phosphorothioate and 2 ■ -deoxy phosphorothioate oligonucleotide 
segments are synthesized using an Applied Biosystems automated 
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DNA synthesizer Model 3 8 OB, as above. Oligonucleotides are 
synthesized using the automated synthesizer and 2'-deoxy-5'- 
dimethoxytrityl-3 1 -O-phosphoramidite for the DNA portion and 5'- 
dimethoxytrityl-2 ' -O-methyl-3 ' -O-phosphoramidite for 5' and 3' 
wings. The standard synthesis cycle is modified by increasing 
the wait step after the delivery of tetrazole and base to 600 s 
repeated four times for KNA and twice for 2 ' -O-methyl . The 
fully protected oligonucleotide is cleaved from the support and 
the phosphate group is deprotected in 3 : 1 ammonia /ethanol at 
room temperature overnight then lyophilized to dryness. 
Treatment in methanolic ammonia for 24 hrs at room temperature 
is then done to deprotect all bases and sample was again 
lyophilized to dryness. The pellet is resuspended in 1M TBAF in 
THF for 24 hrs at room temperature to deprotect the 2 ■ 
positions. The reaction is then quenched with 1M TEAA and the 
sample is then reduced to 1/2 volume by rotovac before being 
desalted on a G25 size exclusion column. The oligo recovered is 
then analyzed spectrophotometrically for yield and for purity by 
capillary electrophoresis and by mass spectrometry. 

[2 ■ -O- (2 -Methoxyethyl) ] — [2 ■ -deoxy] — [2 1 -O- (Methoxyethyl) ] 
Chimeric Phosphorothioate Oligonucleotides 

[2 -O- (2 -methoxyethyl) ] [2 1 -deoxy] — [-2 • -O- (methoxyethyl) ] 
chimeric phosphorothioate oligonucleotides were prepared as per 
the procedure above for the 2 ' -O-methyl chimeric 
oligonucleotide, with the substitution of 2 ' -O- (methoxyethyl) 
amidites for the 2 ' -O-methyl amidites. 

[2 1 -O- ( 2 -Methoxyethyl ) Phosphodiester ] — [2 1 -deoxy Phosphoro- 
thioate] — [2 ■ -O- (2 -Methoxyethyl) Phosphodiester] Chimeric 
Oligonucleotides 

[2 ' -0- (2-methoxyethyl phosphodiester] [2 1 -deoxy phosphoro- 
thioate] — [2 ' -O- (methoxyethyl) phosphodiester] chimeric 
oligonucleotides are prepared as per the above procedure for the 
2 '-O-methyl chimeric oligonucleotide with the substitution of 
2 '-0- (methoxyethyl) amidites for the 2 ' -O-methyl amidites, 
oxidization with iodine to generate the phosphodiester 
internucleotide linkages within the wing portions of the 
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chimeric structures and sulf urization utilizing 3,H-1,2 
benzodithiole-3-one 1,1 dioxide (Beaucage Reagent) to generate 
the phosphorothioate internucleotide linkages for the center 
gap . 

Other chimeric oligonucleotides, chimeric oligonucleosides 
and mixed chimeric oligonucleotides /oligonucleosides are 
synthesized according to United States patent 5,623,065, herein 
incorporated by reference. 

Example 6 

Oligonucleotide Isolation 

After cleavage from the controlled pore glass column 
(Applied Biosystems) and deblocking in concentrated ammonium 
hydroxide at 55°C for 18 hours, the oligonucleotides or 
oligonucleosides are purified by precipitation twice out of 0.5 
M NaCl with 2.5 volumes ethanol . Synthesized oligonucleotides 
were analyzed by polyacrylamide gel electrophoresis on 
denaturing gels and judged to be at least 85% full length 
material . The relative amounts of phosphorothioate and 
phosphodiester linkages obtained in synthesis were periodically 
checked by 31 P nuclear magnetic resonance spectroscopy, and for 
some studies oligonucleotides were purified by HPLC, as 
described by Chiang et al . , J\ Biol. Chem. 1991, 266, 18162- 
18171. Results obtained with HPLC-purif ied material were 
similar to those obtained with non-HPLC purified material. 

Example 7 

Oligonucleotide Synthesis - 96 Well Plate Format 

Oligonucleotides were synthesized via solid phase P(II1) 
phosphoramidite chemistry on an automated synthesizer capable of 
assembling 96 sequences simultaneously in a standard 96 well 
format. Phosphodiester internucleotide linkages were afforded 
by oxidation with aqueous iodine. Phosphorothioate 
internucleotide linkages were generated by sulfurization 
utilizing 3,H-1,2 benzodithiole-3-one 1,1 dioxide (Beaucage 
Reagent) in anhydrous acetonitrile . Standard base-protected 
beta-cyanoethyldiisopropyl phosphoramidites were purchased from 
commercial vendors (e.g. PE-Applied Biosystems, Foster City, CA, 
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or Pharmacia, Piscataway, NJ) . Non-standard nucleosides are 
synthesized as per known literature or patented methods. They 
are utilized as base protected beta-cyanoethyldiisopropyl 
phosphoramidites . 

Oligonucleotides were cleaved from support and deprotected 
with concentrated NH 4 OH at elevated temperature (55-60°C) for 12- 
16 hours and the released product then dried in vacuo. The 
dried product was then re-suspended in sterile water to afford a 
master plate from which all analytical and test plate samples 
are then diluted utilizing robotic pipettors . 

Example 8 

Oligonucleotide Analysis - 96 Well Plate Format 

The concentration of oligonucleotide in each well was 
assessed by dilution of samples and UV absorption spectroscopy. 
The full-length integrity of the individual products was 
evaluated by capillary electrophoresis (CE) in either the 96 
well format (Beckman P/ACE™ MDQ) or, for individually prepared 
samples, on a commercial CE apparatus (e.g., Beckman P/ACE™ 
5000, ABI 270) . Base and backbone composition was confirmed by 
mass analysis of the compounds utilizing electrospray-mass 
spectroscopy. All assay test plates were diluted from the 
master plate using single and multi-channel robotic pipettors. 
Plates were judged to be acceptable if at least 85% of the 
compounds on the plate were at least 85% full length. 

Example 9 

Cell culture and oligonucleotide treatment 

The effect of antisense compounds on target nucleic acid 
expression can be tested in any of a variety of cell types 
provided that the target nucleic acid is present at measurable 
levels. This can be routinely determined using, for example, 
PCR or Northern blot analysis. The following 4 cell types are 
provided for illustrative purposes, but other cell types can be 
routinely used, provided that the target is expressed in the 
cell type chosen. This can be readily determined by methods 
routine in the art, for example Northern blot analysis, 
Ribonuclease protection assays, or RT-PCR. 
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T-24 cells: 

The human transitional cell bladder carcinoma cell line T- 
24 was obtained from the American Type Culture Collection 
(ATCC) (Manassas, VA) . T-24 cells were routinely cultured in 
complete McCoy's 5A basal media (Gibco/Life Technologies, 
Gaithersburg, MD) supplemented with 10% fetal calf serum 
(Gibco/Life Technologies, Gaithersburg, MD) , penicillin 100 
units per mL, and streptomycin 100 micrograms per inL (Gibco/Life 
Technologies, Gaithersburg, MD) . Cells were routinely passaged 
by trypsinization and dilution when they reached 90% confluence. 
Cells were seeded into 96-well plates (Falcon-Primaria #3872) at 
a density of 7000 cells/well for use in RT-PCR analysis. 

For Northern blotting or other analysis, cells may be 
seeded onto 100 mm or other standard tissue culture plates and 
treated similarly, using appropriate volumes of medium and 
oligonucleotide . 

A549 cells: 

The human lung carcinoma cell line A549 was obtained from 
the American Type Culture Collection (ATCC) (Manassas, VA) . 
A549 cells were routinely cultured in DMEM basal media 
(Gibco/Life Technologies, Gaithersburg, MD) supplemented with 
10% fetal calf serum (Gibco/Life Technologies, Gaithersburg, 
MD) , penicillin 100 units per mL, and streptomycin 100 
micrograms per mL (Gibco/Life Technologies, Gaithersburg, MD) . 
Cells were routinely passaged by trypsinization and dilution 
when they reached 90% confluence. 

NHDF cells: 

Human neonatal dermal fibroblast (NHDF) were obtained from 
the Clonetics Corporation (Walkersville MD) . NHDFs were 
routinely maintained in Fibroblast Growth Medium (Clonetics 
Corporation, Walkersville MD) supplemented as recommended by the 
supplier. Cells were maintained for up to 10 passages as 
recommended by the supplier. 



HEK cells: 
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Human embryonic keratinocytes (HEK) were obtained from the 
Clonetics Corporation (Walkersville MD) . HEKs were routinely 
maintained in Keratinocyte Growth Medium (Clonetics Corporation, 
Walkersville MD) formulated as recommended by the supplier. 
Cells were routinely maintained for up to 10 passages as 
recommended by the supplier. 

Treatment with ant is ens e compounds : 

When cells reached 80% confluency, they were treated with 
oligonucleotide. For cells grown in 9 6-well plates, wells were 
washed once with 200 (XL OPTI-MEM™-! reduced-serum medium (Gibco 
BRL) and then treated with 130 of OPTS -MEM™ -1 containing 3.75 
jig/mL LIPOFECTIN™ (Gibco BRL) and the desired concentration of 
oligonucleotide. After 4-7 hours of treatment, the medium was 
replaced with fresh medium. Cells were harvested 16-24 hours 
after oligonucleotide treatment. i 

The concentration of oligonucleotide used varies from cell 
line to cell line. To determine the optimal oligonucleotide 
concentration for a particular cell line, the cells are treated 
with a positive control oligonucleotide at a range of 
concentrations. For human cells the positive control 
oligonucleotide is ISIS 13920, TCCGTCATCGCTCCTCAGGG , SEQ ID NO: 

1, a 2 • -O-methoxyethyl gapmer (2 1 -O-methoxyethyls shown in bold) 
with a phosphorothioate backbone which is targeted to human H- 
ras. For mouse or rat cells the positive control 

oligonucleotide is ISIS 15770, ATGCATTCTGCCCCCAAGGA, SEQ ID NO: 

2, a 2 ■ -O-methoxyethyl gapmer (2 ' - O -me thoxy ethyls shown in bold) 
with a phosphorothioate backbone which is targeted to both mouse 
and rat c-raf . The concentration of positive control 
oligonucleotide that results in 80% inhibition of c-Ha-ras (for 
ISIS 13920) or c-raf (for ISIS 15770) mRNA is then utilized as 
the screening concentration for new oligonucleotides in 
subsequent experiments for that cell line. If 80% inhibition is 
not achieved, the lowest concentration of positive control 
oligonucleotide that results in 60% inhibition of H-ras or c-raf 
mRNA is then utilized as the oligonucleotide screening 
concentration in subsequent experiments for that cell line'. If 
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60% inhibition is not achieved, that particular cell line is 
deemed as unsuitable for oligonucleotide transfection 
experiments . 

Example 10 

Analysis of oligonucleotide inhibition of CD81 expression 

Antisense modulation of CD81 expression can be assayed in a 
variety of ways known in the art. For example, CD81 mRNA levels 
can be quantitated by, e.g., Northern blot analysis, competitive 
polymerase chain reaction (PCR) , or real-time PCR (RT-PCR) . 
Real-time quantitative PCR is presently preferred. RNA analysis 
can be performed on total cellular RNA or poly (A) + mRNA. 
Methods of RNA isolation are taught in, for example, Ausubel, 
F.M. et al., Current Protocols in Molecular Biology, Volume 1, 
pp. 4.1.1-4.2.9 and 4.5.1-4.5.3, John Wiley & Sons, Inc., 1993. 
Northern blot analysis is routine in the art and is taught in, 
for example, Ausubel, F.M. et al . , Current Protocols in 
Molecular Biology, Volume 1, pp. 4.2.1-4.2.9, John Wiley & Sons, 
Inc., 1996. Real-time quantitative (PCR) can be conveniently 
accomplished using the commercially available ABI PRISM™ 7700 
Sequence Detection System, available from PE-Applied Biosystems, 
Foster City, CA and used according to manufacturer's 
instructions . 

Protein levels of CD81 can be quantitated in a variety of 
ways well known in the art, such as immunoprecipitation, Western 
blot analysis (immunoblotting) , EL ISA or fluorescence-activated 
cell sorting (FACS) . Antibodies directed to CD81 can be 
identified and obtained from a variety of sources, such as the 
MSRS catalog of antibodies (Aerie Corporation, Birmingham, MI) , 
or can be prepared via conventional antibody generation methods . 
Methods for preparation of polyclonal antisera are taught in, 
for example, Ausubel, F.M. et al . , Current Protocols in 
Molecular Biology, Volume 2, pp. 11.12.1-11.12.9, John Wiley & 
Sons, Inc., 1997. Preparation of monoclonal antibodies is 
taught in, for example, Ausubel, F.M. et al . , Current Protocols 
in Molecular Biology, Volume 2, pp. 11.4.1-11.11.5, John Wiley & 
Sons, Inc . , 1997 . 

Immunoprecipitation methods are standard in the art and can 
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be found at, for example, Ausubel, F.M. et al . , Current 
Protocols in Molecular Biology, Volume 2, pp. " 10 . 16 . 1-10 . 16 . 11, 
John Wiley & Sons, Inc., 1998. Western blot (immunoblot) 
analysis is standard in the art and can be found at, for 
example, Ausubel, F.M. et al . , Current Protocols in Molecular 
Biology, Volume 2, pp. 10.8.1-10.8.21, John Wiley & Sons, Inc., 
1997. Enzyme- linked immunosorbent assays (ELISA) are standard 
in the art and can be found at, for example, Ausubel, F.M. et 
al., Current Protocols in Molecular Biology, Volume 2, pp. 
11.2.1-11.2.22, John Wiley & Sons, Inc., 1991. 

Example 11 

Poly(A)+ mRNA isolation 

Poly (A) + mRNA was isolated according to Miura et al., 
Clin. Chem. , 1996, 42, 1758-1764. Other methods for poly(A) + 
mRNA isolation are taught in, for example, Ausubel, F.M. et al . , 
Current Protocols in Molecular Biology, Volume 1, pp. 4.5.1- 
4.5.3, John Wiley & Sons, Inc., 1993. Briefly, for cells grown 
on 96-well plates, growth medium was removed from the cells and 
each well was washed with 200 [XL cold PBS. 60 \XL lysis buffer (10 
mM Tris-HCl, pH 7.6, 1 inM EDTA, 0.5 M NaCl, 0.5% NP-40, 20 mM 
vanadyl-ribonucleoside complex) was added to each well, the 
plate was gently agitated and then incubated at room temperature 
for five minutes. 55 fXL of lysate was transferred to Oligo d(T) 
coated 96-well plates (AGCT Inc., Irvine CA) . Plates were 
incubated for 60 minutes at room temperature, washed 3 times 
with 200 [XL of wash buffer (10 mM Tris-HCl pH 7.6, 1 mM EDTA, 0.3 
M NaCl) . After the final wash, the plate was blotted on paper 
towels to remove excess wash buffer and then air-dried for 5 
minutes. 60 \Hj of elution buffer (5 mM Tris-HCl pH 7.6), 
preheated to 70°C was added to each well, the plate was incubated 
on a 90°C hot plate for 5 minutes, and the eluate was then 
transferred to a fresh 96-well plate. 

Cells grown on 100 mm or other standard plates may be 
treated similarly, using appropriate volumes of all solutions. 
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gacample 12 

rpotal RNA Isolation 

Total RNA was isolated using an RNEASY 96™ kit and buffers 
purchased from Qiagen Inc.. (Valencia CA) following the 
manufacturer's recommended procedures. Briefly, for cells grown 
oti 96-well plates, growth medium was removed from the cells and 
e ach well was washed with 200 \JiL cold PBS. 100 Buffer RL.T was 
a dded to each well and the plate vigorously agitated for 20 
seconds. 100 \iL of 70% ethanol was then added to each well and 
the contents mixed by pipetting three times up and down. The 
samples were then transferred to the RNEASY 96™ well plate 
attached to a QIAVAC™ manifold fitted with a waste collection 
tray and attached to a vacuum source. Vacuum was applied for 15 
seconds. 1 mL of Buffer RW1 was added to each well of the 
RNEASY 96™ plate and the vacuum again applied for 15 seconds. 1. 
jnL of Buffer RPE was then added to each well of the RNEASY 96™ 
plate and the vacuum applied for a period of 15 seconds. The 
puffer RPE wash was then repeated and the vacuum was applied for . 
an additional 10 minutes. The plate was then removed from the 
QIAVAC™ manifold and blotted dry on paper towels. , The plate was 
then re-attached to the QIAVAC™ manifold fitted with a 
collection tube rack containing 1 . 2 mL collection tubes. RNA 
was. then eluted by pipetting 60 jiL water into each well, 
incubating 1 minute, and then applying the vacuum for 3 0 
seconds. The elution step was repeated with an additional 60 |AL 
water . 

The repetitive pipetting and elution steps may be automated 
using a QIAGEN Bio-Robot 9604 (Qiagen, Inc., Valencia CA) . 
Essentially, after lysing of the cells on the culture plate, the 
plate is transferred to the robot deck where the pipetting, 
pNase treatment and elution steps are carried out. 
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Example 13 

Real-time Quantitative PCR Analysis of CD81 mRMA Levels 

Quantitation of CD81 mRNA levels was determined by real- 
time quantitative PCR using the ABI PRISM™ 7700 Sequence. 
Detection System (PE-Applied Biosys terns, Foster City, CA) 
according to manufacturer's instructions. This is a closed- 
tube, non-gel-based, fluorescence detection system which allows 
high- throughput quantitation of polymerase chain reaction (PCR) 
products in real-time. As opposed to standard PCR, in which 
amplification products are quantitated after the PCR is 
completed, products in real-time quantitative PCR are 
quantitated as they accumulate. This is accomplished by 
including in the PCR reaction an oligonucleotide probe that 
anneals specifically between the forward and reverse PCR 
primers, and contains two fluorescent dyes. A reporter dye 
(e.g., JOE, FAM, or VIC, obtained from either Operon 
Technologies Inc., Alameda, CA or PE-Applied Biosystems, Foster 
City, CA) is attached to the 5 ' end of the probe and a quencher 
dye (e.g., TAMRA, obtained from either Operon Technologies Inc., 
Alameda, CA or PE-Applied Biosystems, Foster City, CA) is 
attached to the 3 1 end of the probe. When the probe and dyes 
are intact, reporter dye emission is quenched by the proximity 
of the 3' quencher dye. During amplification, annealing of the 
probe to the target sequence creates .a substrate that can be 
cleaved by the 5 ' -exonuclease activity of Taq polymerase. 
During the extension' phase of the PCR amplification cycle, 
cleavage of the probe by Taq polymerase releases the reporter 
dye from the remainder of the probe (and hence from the quencher 

) moiety) and a sequence- specif ic fluorescent signal is generated. 
With each cycle, additional reporter dye molecules are cleaved 
from their respective probes, and the fluorescence intensity is 
monitored at regular intervals by laser optics built into the 
ABI PRISM™ 7700 Sequence Detection System. In each assay, a 

j series of parallel reactions containing serial dilutions of mRNA 
from untreated control samples generates a standard curve that 
is used to quantitate the" percent inhibition after antisense 
oligonucleotide treatment of test samples. 
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Prior to quantitative PCR analysis, primer-probe sets 
specific to the target gene being measured are evaluated for 
their ability to be "multiplexed" with a GAPDH amplification 
reaction. In multiplexing, both the target gene and the 
internal standard gene GAPDH are amplified concurrently in a 
single sample. In this analysis, mRNA isolated from untreated 
cells is serially diluted. Each dilution is amplified in the 
presence of primer-probe sets specific for GAPDH only, target 
gene only ( "single-plexing" ) , or both (multiplexing). Following 
PCR amplification, standard curves of GAPDH and target mRNA 
signal as a function of dilution are generated from both the 
single-plexed and multiplexed samples. If both the slope and 
correlation coefficient of the GAPDH and target signals 
generated from the multiplexed samples fall within 10% of their 
corresponding values generated from the single-plexed samples, 
the primer-probe set specific for that target is deemed 
multiplexable. Other methods of PCR are also known in the art. 

PCR reagents were obtained from PE-Applied Biosystems, 
Foster City, CA. RT-PCR reactions were carried out by adding 25 
liL PCR cocktail (lx TAQMAN™ buffer A, 5.5 iffl MgCl 2 , 300 MM each 
of dATP, dCTP and dGTP, 600 \M of dUTP, 100 nM each of forward 
primer, reverse primer, and probe, 2 0 Units RNAse inhibitor, 
1.25 Units AMPLITAQ GOLD™ , and 12.5 Units MuLV reverse 
transcriptase) to 96 well plates containing 25 |AL total RNA 
solution. The RT reaction was carried out by incubation for 3 0 
minutes at 48°C. Following a 10 minute incubation at 95°C to 
activate the AMPLITAQ GOLD™, 40 cycles of a two-step PCR 
protocol were carried out: 95°C for 15 seconds (denaturation) 
followed by 60°C for 1.5 minutes (annealing/extension). 

Gene target quantities obtained by real time RT-PCR are 
normalized using either the expression level of GAPDH, a gene 
whose expression is constant, or by quantifying total RNA using 
RiboGreen™ (Molecular Probes, Inc. Eugene, OR). GAPDH expression 
is quantified by real time RT-PCR, by being run simultaneously 
with the target, multiplexing, or separately. Total RNA is 
quantified using RiboGreen™ RNA quantification reagent from 
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Molecular Probes. Methods of RNA quantification by RiboGreen™ 
are taught in Jones, L.J. / et al, Analytical Biochemistry, 1998, 
265, 368-374. 

In this assay, 175 jxD of RiboGreen™ working reagent 
(RiboGreen™ reagent diluted 1:2865 in lOmM Tris-HCl, 1 mM EDTA, 
pH 7.5) is pipetted into a 96-well plate containing 25uL 
purified, cellular RNA. The plate is read in a CytoFluor 4000 
(PE Applied Biosystems) with excitation at 480nm and emission at 
520nm. 

Probes and primers to human CD81 were designed to hybridize 
to a human CD81 sequence, using published sequence information 
(GenBank accession number M33680.1, incorporated herein as SEQ 
ID NO: 3). For human CD81 the PCR primers were: 
forward primer: CAGATCGCCAAGGATGTGAA (SEQ ID NO: 4) 
reverse primer: GCGTTGTTGGCGTCATCA (SEQ ID NO: 5) and the PCR 
probe was: FAM- AGTTCT ATG AC C AGGCCCTAC AGC AGGC - TAMRA 
(SEQ ID NO: 6) where FAM (PE-Applied Biosystems, Foster City, 
CA) is the fluorescent reporter dye) and TAMRA (PE-Applied 
Biosystems, Foster City, CA) is the quencher dye. For human 
GAPDH the PCR primers were: 

forward primer: GAAGGTGAAGGTCGGAGTC ( SEQ ID NO: 7) 

reverse primer: GAAGATGGTGATGGGATTTC (SEQ ID NO: 8) and the PCR 
probe was: 5' JOE -CAAGCTTCCCGTTCTCAGCC- TAMRA 3' (SEQ ID NO : 9) 
where JOE (PE-Applied Biosystems, Foster City, CA) is the 
fluorescent reporter dye) and TAMRA (PE-Applied Biosystems, 
Foster City, CA) is the quencher dye. 



Example 14 

i Northern blot analysis of CD81 xnRNA levels 

Eighteen hours after antisense treatment, cell monolayers 
were washed twice with cold PBS" and lysed in 1 niL RNAZOL™ (TEL- 
TEST " B 11 Inc., Friendswood, TX) . Total RJSIA was prepared 
following manufacturer's recommended protocols. Twenty 
i micrograms of total RNA was fractionated by electrophoresis 

through 1.2% agarose gels containing 1.1% formaldehyde using a 
MOPS buffer system (AMRESCO, Inc. Solon, OH) . RNA was 
transferred from the gel to HY BOND™ -N+ nylon membranes (Amersham 
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Pharmacia Biotech, Piscataway, NJ) by overnight capillary 
transfer using a Northern/ Southern Transfer buffer system (TEL- 
TEST "B" Inc., Friendswood, TX) . RNA transfer was confirmed by 
UV visualization. Membranes were fixed by UV cross-linking 
using a STRATAL INKER™ UV Crdsslinker 2400 (Stratagene, Inc, La 
Jolla, CA) and then probed using QUICKHYB™ hybridization 
solution (Stratagene, La Jolla, CA) using manufacturer's 
recommendations for stringent conditions. 

To detect human CD81, a human CD81 specific probe was 
prepared by PCR using the forward primer CAGATCGCCAAGGATGTGAA 
(SEQ ID NO: 4) and the reverse primer GCGTTGTTGGCGTCATCA (SEQ ID 
NO: 5). To normalize for variations in loading and transfer 
efficiency membranes were stripped and probed for human 
glyceraldehyde- 3 -phosphate dehydrogenase (GAPDH) RNA (Clontech, 
Palo Alto, CA) . 

Hybridized membranes were visualized and quantitated using 
a PHOSPHORIMAGER™ and IMAGE QUANT™ Software V3 . 3 (Molecular 
Dynamics, Sunnyvale, CA) . Data was normalized to GAPDH levels 
in untreated controls. 

Example 15 

Antisense inhibition of human CD81 expression by chimeric 
phosphorothioate oligonucleotides having 2 1 -MOE wings and a 
deoxy gap 

In accordance with the present invention, a series of 
oligonucleotides were designed to target different regions of 
the human CD81 RNA, using published sequences (GenBank accession 
number M33680.1, incorporated herein as SEQ ID NO: 3; GenBank 
accession number AA595584.1 representing a 3' extension from SEQ 
ID NO: 3, the complement of which is incorporated herein as SEQ 
ID NO: 10; and residues 59000-880500 of GenBank accession 
NT_0093 68.4 representing a partial genomic sequence of CD81, the 
complement of which is incorporated herein as SEQ ID NO: 11) . 
The oligonucleotides are shown in Table 1. "Target site" 
indicates the first (5 '-most) nucleotide number on the 
particular target sequence to which the oligonucleotide binds. 
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All compounds in Table 1 are chimeric oligonucleotides 
("gapmers") 20 nucleotides in length, composed of a central 
"gap" region consisting of ten 2 1 -deoxynucleotides, which is 
flanked on both sides (5' and 3' directions) by f ive-nucleotide 
"wings". The wings are composed of 2 1 -methoxyethyl (2'- 
MOE) nucleotides . The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotide. All 
cytidine residues are 5 -methyl cytidines . The compounds were 
analyzed for their effect on human CD81 mRNA levels by 
> quantitative real-time PCR as described in other examples 

herein. Data are averages from two experiments. If present, 
"N.D. " indicates "no data". 

Table 1 

i Inhibition of human CD81 mRNA levels by chimeric 

phosphorothioate oligonucleotides having 2 ' -MOE wings and a 

deoxy gap 



ISIS # 


REGION 


TARGET 
SEQ ID 
NO 


TARGET 
SITE 


SEQUENCE 


% INHIB 


SEQ ID 
NO 


193983 


5 *UTR 


3 


1 


gcgcctttccagcacaatgg 


0 


13 


193990 


Coding 


3 


291 


agccagccagaagacgaaat 


37 


14 


194022 


3 1 UTR 


3 


1221 


cctggctgagcaggcagagc 


39 


15 


199577 


Coding 


3 


246 


gcacttggtgcagccctcca 


76 


16 


199578 


Coding 


3 


272 


ttgaagacgaagagcaggta 


40 


17 


199579 


Coding 


3 


277 


cgaaa t tgaagacgaagagc 


0 


18 


199580 


Coding 


3 


I 286 


gccagaagacgaaattgaag 


26 


19 


199581 


Coding 


3 


296 


cctccagccagccagaagac 


43 


20 


199582 


Coding 


3 


304 


ggatcacgcctccagccagc 


81 


21 ' 


199583 


Coding 


3 


320 


cacagggccacacccaggat 


62 


22 


199584 


Coding 


3 


375 


cttgtctcccagctccagat 


41 


23 


199585 


Coding 


3 


402 


gcctacatagaaggtgttgg 


48 


24 


199586 


Coding 


3 


410 


atgtagatgcctacatagaa 


22 


25 


199587 


Coding 


3 


471 


gatggccccgtagcagccca 


76 


26 


199588 


Coding 


3 


497 


g tccccagcaggcac tggga 


62 


27 


199589 


Coding 


3 


536 


acctcacaggcaaacaggat 


26 


28 


199590 


Coding 


3 


564 


gttgacaaagccccagatqc 


78 


29 


199591 


Coding 


3 


587 


acatccttggcgatctggtc 


69 


30 


199592 


Coding 


3 


592 


gcttcacatccttggcgatc 


44 


31 


199593 


Coding 


3 


597 


gaactgcttcacatccttgg 


81 


32 


199594 


Coding 


3 


602 


tcatagaactgcttcacatc 


3 


33 


199595 


Coding 


3 


607 


cctggtcatagaactgcttc 


57 


34 


199596 


Coding 


3 


665 


gtcttcaccacagccttggc 


63 


35 


199597 


Coding 


3 


678 


cgtctcgtggaaggtcttca 


81 


36 


199598 


Coding 


3 


747 


gggacacaaattgttcttga 


30 


37 


199599 


Coding 


3 


753 


gcccgagggacacaaattgt 


69 


38 


199600 


Coding 


3 


781 


ccttgaagaggttgctgatg 


47 


39 


199601 


Coding 


3 


790 


ggcagtcctccttgaagagg 


55 


40 
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199602 


Coding 


3 


830 


aggtacagcttcccggagaa 


65 


41 


199603 


Coding 


3 


836 


ccgatgaggtacagcttccc 


75 


42 


199604 


Coding 


3 


841 


caatgccgatgaggtacagc 


68 


43 


199605 


Coding 


1 3 


848 


atggcagcaatgccgatgag 


38 


44 


199606 


Coding 


I 3 


857 


gcgaccacgatggcagcaat 


53 


45 


199607 


Coding 


3 


864 


gatcacagcgaccacgatgg 


52 


46 


199608 


Coding 


3 


884 


aggatcatctcgaagatcat 


25 


47 


199609 


Coding 


3 


896 


agcaccatgctcaggatcat 


78 


48 


199610 


Coding 


3 


902 


cagcacagcaccatgctcag 


41 


49 


199611 


Coding 


3 


907 


tgccacagcacagcaccatg 


0 


50 


199612 


Coding 


3 


912 


cccroatcrccacacrcacacfca 


79 


51 

—i X 


199613 


Coding 


3 


917 


ctgttccggatgccacagca 


71 


52 


199614 


Coding 


3 


! 922 


c crcra cr c t cr 1 1 c c crcr a t crc c a 


77 


53 


199615 


Coding 


3 


927 


cr t a c ac crcracr c t a 1 1 c ccrcra 


70 


54 


199616 


Stop 
Co don 


3 


935 


gggcctcagtacacggagct 


55 


55 


199617 


3 'UTR 


3 


962 


gcagaggtccctgtggccag 


59 


56 


199618 


3 ' UTR 


3 


1015 


tacacaggcggtgatggccc 


69 


57 


199619 


3 'UTR 


3 


1048 


tacgtgtagcagagtaatac 


56 


58 


199620 


3 'UTR 


3 


1060 


aagtaaaaaggctacgtgta 


73 


59 


199621 


3 'UTR 


3 


1098 


aggtaacaggaaagttcaga 


74 


60 


199622 


3 1 UTR 


3 


1112 


catcagccctgaaaaggtaa 


46 


61 


199623 


3 'UTR 


3 


1136 


ctcatacacgccacctacat 


2 


62 


199624 


3 'UTR 


3 


1184 


gcagaaggacccctgccctc 


50 


63 


199625 


3 'UTR 


3 


1205 


gagcaccctgggaccccagg 


74 


64 


199626 


3 'UTR 


3 


1210 


aggcagagcaccctgggacc 


68 


65 


199627 


3 'UTR 


3 


1242 


gcgagtggctcccaggagag 


67 


66 


199628 


3 'UTR 


3 


1261 


ggccaagctgagtctctggg 


34 


67 


199629 


3 'UTR 


3 


1309 


gtgcagcccacacraacaaac 


76 


68 


199630 


3 'UTR 


3 


1327 


gsgggaacaaggtgagctgt 


10 


69 


199631 


3 'UTR 


3 


1355 


cacagactcggctctcgaac 


2 


70 


199632 


3 'UTR 


3 


1369 


aggcagagagtgcccacaga 


71 


71 


199633 


3 'UTR 


3 


1375 


gcatgaaggcagagagtgcc 


68 


72 


199634 


3 'UTR 


3 


1393 


gtgttagaaaggacaggtgc 


19 


73 


199635 


3 ' UTR 


3 


1409 


tacagttgaaggcgacgtgt 


59 


74 


199636 


3 'UTR 


3 


1415 


tgtgattacagttgaaggcg 


65 


75 


199637 


3 'UTR 


3 


1430 


ac cicr acr t c acr era t cr 1 1 cr i~ cr^ 


94 


76 


199638 


3 'UTR 


3 


1440 


ttattaaatgacggagtcag 


29 


77 


199639 


3 'UTR 


3 


1447 


tccttctttattaaatgacg 


80 


78 


199640 


Intiron 1 


11 


9288 




\J X 


1 Q 


199641 


Intron 1 


11 


10090 


ccaggcctctgccgagggtt 


40 


80 


199648 


Intron 2 


11 


15557 


ggcctcagcacagcctgtga 


71 


81 


x y j \> *± j 




1 1 

X X 




acc Licccccagaa tine cagg 


i 

31 


82 


199650 


Intron : 
Exon 


11 


18159 


aggtgaagaactggagccgg 


36 


83 
















Exon r 
Tnt"T"on 

-L- JL J. -I- J. JL 

Junction 


1 1 
X X 




— — — 

ccaggctcacctggtccttg 


0 


84 


199652 


Intron: 

Exon 
Junction 


11 


19056 


agcagtcaagctgcagagag 


0 


85 














199653 


Exon: 
Intron 
Junction 


11 


19902 


gcccgctcaccatgatcaca 


31 


86 


199654 


Exon 1 


11 


657 


c t ggc t gg t ggc egge aaag 


18 


87 


199655 


Exon 8 


11 


20210 


gtaacaggaaagttcagaac 


73 


88 


199656 


Exon 8 


11 


20224 


tcagccctgaaaaggtaaca 


50 


89 


199657 


3 'UTR 


10 


577 


tttttgactgcacaggcctg 


2 


90 
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As shown in Table 1, SEQ ID NOs 14, 15, 16, 17, 20, 21, 22, 
23, 24, 26, 27, 29, 30, 31, 32, 34, 35, 36, 37, 38, 39, 40, 41, 
42, 43, 44, 45, 46, 48, 49, 51, 52, 53, 54, 55, 56, 57, 58, 59, 
60, 61, 63, 64, 65, 66, 67, 68, 71, 72, 74, 75, 76, 78, 79, 80, 
81, 82, 83, 86, 88 and 89 demonstrated at least 30% inhibition 
of human CD81 expression in this assay and are therefore 
preferred. The target sites to which these preferred sequences 
are complementary are herein referred to as "active sites" and 
are therefore preferred sites for targeting by compounds of the 
present invention . 

Example 16 

Western blot: analysis of CD81 protein levels 

Western blot analysis (immunoblot analysis) is carried out 
using standard methods. Cells are harvested 16-20 h after 
oligonucleotide treatment, washed once with PBS, suspended in 
Laemmli buffer (100 ul/well) , boiled for 5 minutes and loaded on 
a 16% SDS-PAGE gel. Gels are run for 1.5 hours at 150 V, and 
transferred to membrane for western blotting. Appropriate 
primary antibody directed to CD81 is used, with a radiolabelled 
or f luorescently labeled secondary antibody directed against the 
primary antibody species. Bands are visualized using a 
PHOSPHORIMAGER™ (Molecular Dynamics, Sunnyvale CA) . 
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What is claimed is: 



I. A compound 8 to 50 nucleobases in length targeted to 
a nucleic acid, molecule encoding CD81, wherein said compound 
specifically hybridizes with said nucleic acid molecule encoding 
CD81 and inhibits the expression of CD81. 

2 . The compound of claim 1 which is an antisense 
oligonucleotide . 

3 . The compound of claim 2 wherein the antisense 
oligonucleotide has a sequence comprising SEQ ID NO: 14, 15, 16, 
17, 20, 21, 22, 23, 24, 26, 27, 29, 30, 31, 32, 34, 35, 36, 37, 
38, 39, 40, 41, 42, 43, 44, 45, 46, 48, 49, 51, 52, 53, 54, 55, 
56, 57, 58, -59, 60, 61, 63, 64, 65, 66, 67, 68, 71, 72, 74, 75, 
76, 78, 79, 80, 81, 82, 83, 86, 88 or 89. 

4 . The compound of claim 2 wherein the antisense 
oligonucleotide comprises at least one modified internucleoside 
linkage. 

5. The compound of claim 4 wherein the modified 
internucleoside linkage is a phosphorothioate linkage. 

6 . The compound of claim 2 wherein the antisense 
oligonucleotide comprises at least one modified sugar moiety. 

7 . The compound of claim 6 wherein the modified sugar 
moiety is a 2 1 -O-methoxyethyl sugar moiety. 

8. The compound of claim 2 wherein the antisense 
oligonucleotide comprises at least one modified nucleobase. 

9. The compound of claim 8 wherein the modified 
nucleobase is a 5-methylcytosine . 

10. The compound of claim 2 wherein the antisense 
oligonucleotide is a chimeric oligonucleotide. 

II. A compound 8 to 50 nucleobases in length which 
specifically hybridizes with at least an 8-nucleobase portion of 
an active site on a nucleic acid molecule encoding CD81. 

12 . A composition comprising the compound of claim 1 and 
a pharmaceutically acceptable carrier or diluent. 

13 . The composition of claim 12 further comprising a 
colloidal dispersion system. 
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14. The composition of claim 12 wherein the compound is 
an antisense oligonucleotide. 

15. A method of inhibiting the expression of CD81 in 
cells or tissues comprising contacting said cells or tissues 
with the compound of claim 1 so that expression of CD81 is 
inhibited. 

16. A method of treating an animal having a disease or 
condition associated with CD81 comprising administering to said 
animal a therapeutically or prophylactically effective amount of 
the compound of claim 1 so that expression of CD81 is inhibited. 

17. The method of claim 16 wherein the disease or 
condition is an inflammatory disorder. 

18. The method of claim 16 wherein the disease or 
condition is an infection. 

19. The method of claim 18 wherein the infection is 
selected from the group consisting of viral, bacterial and 
parasitic . 

20. The method of claim 16 wherein the disease or 
condition is characterized by chemical dependency. 
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1 

SEQUENCE LISTING 

<110> Mark J. Graham 
Kenneth Dobie 
Isis Pharmaceuticals, Inc. 

<120> ANTISENSE MODULATION OF CD81 EXPRESSION 

<130> RTSP-0443 

<150> 10/006,430 
<151> 2001-12-10 

<160> 90 



<210> 1 
<211> 20 
<212> DNA 

<213> Artificial . Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 1 

tccgtcatcg ctcctcaggg 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 2 

atgcattctg cccccaagga 



<210> 3 

<211> 1496 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (239) . . . (949) 
<400> 3 

ccattgtgct ggaaaggcgc gcaacggcgg cgacggcggc gaccccaccg cgcatcctgc 60 
caggcctccg cgcccagccg cccacgcgcc cccgcgcccc gcgccccgac cctttcttcg 120 
cgcccccgcc cctcggcccg ccaggccccc ttgccggcca cccgccaggc cccgcgccgg 180 
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cccgcccgcc gcccaggacc ggcccgcgcc ccgcaggccg cccgccgccc gcgccgcc 238 



atg gga gtg gag ggc tgc acc aag tgc ate aag tac ctg etc ttc gtc 
Met Gly Val Glu Gly Cys Thr Lys Cys lie Lys Tyr Leu Leu Phe Val 
15 10 15 



ctg tgg etc cgc cat gac ccg cag acc acc aac etc ctg tat ctg gag 
Leu Trp Leu Arg His Asp Pro Gin Thr Thr Asn Leu Leu Tyr Leu Glu 
35 40 45 



etc ate get gtg ggc get . gtc atg atg ttc gtt ggc ttc ctg ggc tgc 
Leu He Ala Val Gly Ala Val Met Met Phe Val Gly Phe Leu Gly Cys 
65 70 75 80 



286 



ttc aat ttc gtc ttc tgg ctg get gga ggc gtg ate ctg ggt gtg gee 334 
Phe Asn Phe Val Phe Trp Leu Ala Gly Gly Val He Leu Gly Val Ala 
20 25 30 



382 



ctg gga gac aag ccc gcg ccc aac acc ttc tat gta ggc ate tac ate 430 
Leu Gly Asp Lys Pro Ala Pro Asn Thr Phe Tyr Val Gly He Tyr He 
50 " 55 60 



478 



718 



tac ggg gee ate cag gaa tec cag tgc ctg ctg ggg acg ttc ttc acc 526 
Tyr Gly Ala He Gin Glu Ser Gin Cys Leu Leu Gly Thr Phe Phe Thr 
85 90 95 

tgc ctg gtc ate ctg ttt gee tgt gag gtg gee gee ggc ate tgg ggc 574 
Cys Leu Val He Leu Phe Ala Cys Glu Val Ala Ala Gly He Trp Gly 
100 105 HO 

ttt gtc aac aag gac cag ate gee aag gat gtg aag cag ttc tat gac 622 
Phe Val Asn Lys Asp Gin He Ala Lys Asp Val Lys Gin Phe Tyr Asp 
115 120 125 

cag gee eta cag cag gee gtg gtg gat gat gac gee aac aac gee aag 67 0 

Gin Ala Leu Gin Gin Ala Val Val Asp Asp Asp Ala Asn Asn Ala Lys 
130 135 140 

get gtg gtg aag acc ttc cac gag acg ctt gac tgc tgt ggc tec age 
Ala Val Val Lys Thr Phe His Glu Thr Leu Asp Cys Cys Gly Ser Ser 
145 150 155 160 

aca ctg act get ttg acc acc tea gtg etc aag aac aat ttg tgt ccc 766 
Thr Leu Thr Ala Leu Thr Thr Ser Val Leu Lys Asn Asn Leu Cys Pro 
165 170 175 

teg ggc age aac ate ate age aac etc ttc aag gag gac tgc cac cag 814 
Ser Gly Ser Asn He He Ser Asn Leu Phe Lys Glu Asp Cys His Gin 
180 185 190 

aag ate gat gac etc ttc tec ggg aag ctg tac etc ate ggc att get 862 
Lys He Asp Asp Leu Phe Ser Gly Lys Leu Tyr Leu He Gly He Ala 
195 200 205 

gee ate gtg gtc get gtg ate atg ate ttc gag atg ate ctg age atg 910 
Ala He Val Val Ala Val He Met He Phe Glu Met He Leu Ser Met 
210 215 220 
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gtg ctg tgc tgt ggc ate egg aac age tec gtg tac tga ggccccgcag 
Val Leu Cys Cys Gly lie Arg Asn Ser Ser Val Tyr 
225 230 235 



959 



ctctggccac agggacctct gcagtgcccc ctaagtgacc cggacacttc egagggggee 1019 

atcaccgcct gtgtatataa cgtttccggt attactctgc tacaegtage ctttttactt 1079 

ttggggtttt gtttttgttc tgaactttcc tgttaccttt tcagggctga tgtcacatgt 1139 

aggtggcgtg tatgagtgga gaegggectg ggtcttgggg actggagggc aggggtcctt 1199 

ctgcccctgg ggtcccaggg tgctctgcct gctcagccag gcctctcctg ggagccactc 1259 

gcccagagac tcagcttggc caacttgggg ggctgtgtcc acccagcccg cccgtcctgt 1319 

gggctgeaca gctcaccttg ttccctcctg ccccggttcg agagecgagt ctgtgggcac 1379 

tctctgcctt catgcacctg tcctttctaa cacgtcgcct tcaactgtaa tcacaacatc 1439 

ctgactccgt catttaataa agaaggaaca teaggcatge taaaaaaaaa aaaaaaa 1496 

<210> 4 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 4 

cagatcgcca aggatgtgaa 20 

<210> 5 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 

<400> 5 

gcgttgttgg egtcatea 18 

<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 



<223> PCR Probe 
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<400> 6 

agttctatga ccaggcccta cagcaggc 

<210> 7 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 7 

gaaggtgaag gtcggagtc 

<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 8 

gaagatggtg atgggatttc 

<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Probe 
<400> 9 

caagcttccc gttctcagcc 

<210> 10 

<211> 626 

<212> DNA 

<213> Homo sapiens 

<220> 

<400> 10 

atccgagcct gtgcttgctg ggcatcggaa cagctcgtgt attgagtccc gcagctttgg 60 

ccacaagaac ttctgcagtg ccccctaagt gacccggaca cttccgaggg gaccatcacc 120 

gcctgtgtat ataacgtttc cggtattact ctgctacacg tagccttttt acttttgggg 180 

ttttgttttt gttccgaact ttcctgttac cttttcaggg ctgacgtcac atgtaggtgg 240 
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cgtgtatgag 


tggagacggg 


cctgggtctt ggggactgga gggcaggggt 


ccttctgccc 


300 


tggggtccca 


gggtgctctg 


cctgctcagc caggcctctc 


ctgggagcca 


ctcgcccaga 


360 




ggccaacttg gggggctgtg tccacccagc 


ccgcccgtcc 


tgtgggctgc 


420 


acagctcacc 


ttgttccctc 


ctgccccggt tcgagagccg 


agtctgtggg 


cactctctgc 


480 


cttcatgcac 


ctgtcctttc 


taacacgtcg ccttcaactg 


taatcacaac 


atcctgactc 


540 


cgtcatttaa 


taaagaagga 


acatcaggca tgctaccagg 


cctgtgcagt 


caaaaaaaaa 


600 


aaaaaaaaaa 


aaaaaaaaaa 


aaaaaa 






626 



<210> 11 
<211> 21501 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> exon 

<222> (518) . . . (812) 

<223> exon 1 

<221> exon:intron junction 
<222> (812) . . . (813) 
<223> exon 1: intron 1 

<221> intron 

<222> (813) . . . (13608) 

<223> intron 1 

<221>' intron: exon junction 
<222> (13608) . . . (13609) 
<223> intron 1 : exon 2 

<221> exon 

<222> (13609) . . . (13723) 

<223> exon 2 

<221> exon: intron junction 

<222> (13723) . . . (13724) * 

<223> exon 2 -.intron 2 

<221> intron 

<222> (13724) . . . (17291) 

<223> intron 2 

<221> intron:exon junction 
<222> (17291) . . . (17292) 
<223> intron 2: exon 3 

<221> exon 

<222> (17292) . - . (17389) 
<223> exon 3 



<221> exon: intron junction 
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<222> (17389) . . . (17390) 
<223> exon 3:intron 3 

<221> intron 

<222> (17390) . . . (18168) 

<223> intron 3 

<221> intron: exon junction 
<222> (18168) . . . (18169) 
<223> intron 3: exon 4 

<221> exon 

<222> (18169) . . . (18243) 
<223> exon 4 

<221> exon: intron junction 
<222> (18243) . . . (18244) 
<223> exon 4: intron 4 

<221> intron 

<222> (18244) . . . (18612) 

<223> intron 4 

<221> intron: exon junction 
<222> (18612) . . . (18613) 
<223> intron 4:exon 5 

<221> exon 

<222> (18613) . . . (18717) 
<223> exon 5 

<221> exon: intron junction 
<222> (18717) . . . (18718) 
<223> exon 5: intron 5 

<221> intron 

<222> (18718) . . . (19065) 

<223> intron 5 

<221> intron :exon junction 
<222> (19065) . .- (19066) 
<223> intron 5:exon 6 

<221> exon 

<222> (19066) . .. (19167) 
<223> exon 6 

<221> exon: intron junction 
<222> (19167) . . . (19168) 
<223> exon 6: intron 6 

<221> intron 

<222> (19168) . . . (19824) 

<223> intron 6 

<221> intron: exon junction 
<222> (19824) . . . (19825) 
<223> intron 6: exon 7 
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<221> exon 

<222> (19825) . . . (19911) 
<223>. exon 7 

<221> exon:intron junction 
<222> (19911) . . . (19912) 
<223> exon 7:intron 7 

<221> intron 

<222> (19912) . . • (20000) 

<223> intron 7 

<221> intron: exon junction 
<222> (20000) . . . (20001) 
<223> intron 7 : exon 8 

<221> exon 

<222> (20001) . . . (20610) 
<223> exon 8 



60 



<400> 11 

catgcctgcc caggttccag ccccggagag caatgtgagc aaagcttgct gtctttgcaa 

agccaaccac tgtggcatca actccttcag gaagccctcc cggattgtcc aaggtgctca 120 

cctcctttgg ggagccctcc cagattgtcc aaggtgcttg agggagggag gaatgggttg 180 

ttctcccggc accggggctg cactcctggg cagacgctgc atgcctgtcc tcaggcgcgg 240 

ccctgctgcc acccccttgg gggctcggag cgcgacagca gcttggggac gcctcccgcg 300 

cccagcacgg tgcacctggg ccctgaggtc ctggccgaaa cgcgccaagt tgggggtagg 360 

tgcagcgacc ccatacccct cggctgcgcg ccctggcggc aggaggcggg gccgggggcg 420 

gggcgtgagc tggccggggg cggggcctat ggaggggcgg gaccgcggcg ccctataagt 48 0 

actgcggagc gcaggcgcgc gcccggccag agagcgagcg cgcaacggcg gcgacggcgg 54 0 
cgaccccacc gcacatcctg ccaggcctcc ggcgcccagg gcgcacggcg cgcccccgtg 
ccggcggccc ctgcgcccat ttcttggcgc ccccgcccgg tcggcccgcc aggccccttt 
gccggccacc agccaggccc cgcgccggcc cgcccgccgc ccaggaccgg cccgcgcccc 

gcaggccgcc cgccgcccgc gccgccatgg gagtggaggg ctgcaccaag tgcatcaagt 780 

acctgctctt cgtcttcaat ttcgtcttct gggtaagggc tgcgccgggg gccggggcgg 840 

gagggggcag gcacacactc cacgttgggc aggtcccgcg gcagcgtgct aggccccgcg 900 

ggcgcagcgc gggccgcgaa gttgtggggc cacctgtggg ctccaggagc ggggtggggg 960 

gtcgcccggg gccaccgcgc cccccgacat tggggctgag ggctgcgagc cgagtttcgg 1020 

ggcctctgtg ctcgggggcc cacctctgcg gccgggccgg ggcttctggg ggccgccggg 1080 

cagttcccgc tgtggtggtg atgggtgcgg tggtcgcggg tcgggacccg agtacccggc 1140 



600 
660 
720 
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cgcccctcag ctaaggaggg gcctgcgcgg gtccctggcc gcggattccg gactgctgct 1200 

tcgcggggac gagggggggg ctcgcgggcg ggactcctgg cgccccgccc ccatgagctc 12 60 

atcaagagcc gccgcccctg gatggtgggg cgggggcgca cactttgccg gaggttgggg 1320 

gcgatccgcc tcactctttc cccagcccag ctcactctcc aatctgcggt caccacccga 1380 

gaccttcctg ggggtcgcgc ctaaaaggag cgcagactcc cgccgggatg gcccagaagc 1440 

tggggtgcgc gcaccctggc cgtccctgcc tgggagccga tctccctctc ctcacccaga 1500 

cacgttccag cggaggcctc ctcccagaag ggctctggag gcctcgcagg agtggggatc 15 60 

ccgcggttct gagttggcac aaggaagaga gtggcaccag gggcctggag tggatggcag 1620 

ggtccgggag tggggccgct gctttgcaag aggggccccc acgctgggca tctttgggtg 1680 

ccagcgtggg tggaggaggg tcttttgctg agaatggctt tctcctgacc gcagtctttg 17 40 

ctgctgggaa gtgactgatg ggctttcgcc ttttgtttcc atttcctgtc ggtgttagaa 1800 

ttggggaggg ggtggaaatc ccttcttggc ctggaaggac tggagtgggt gtccatggcc 1860 

gcggcctccc cgtggccacg cccctgggca tagactgcaa gcccctcccc gtgcccccca 1920 

ggctgtcacc cccttctcgt ggaagactcg gctgatgtcc cagtggaccg agtgtttctc 1980 

aagttgaggc agggagggca aactttttaa atggcccctg gagccagtgt gtgggaccag 2040 

agacatctgt ttcccatctg gacggctgag gatcccagtg cggatgatta tttggagggg 2100 

gaaggacgga ggctgaactg aactctcagc tgggagatga gtggggcagt cacatcccac 2160 

cttccccaag ccgggctgtt ctgcacagcc tgcttgggac gctggtggga gtcactgtgg 2220 

ctttcggcac tgccctggca gtgggggcag ctaggccatt tgggaggggc tcgctttccc 2280 

caggccgggc cctgggacct cagccgttgc ttagtggtgg cctgcttcag cccaggcatg 2340 

tgggagaggc accagacaca ggatgtccct ctgccagccc ctgaagcccc gtcccctgac 2400 

gaggcgagtg tggacctggg ggtgggggct gagggagact gtggacctgg gggtgggggc 24 60 

tgaaggaagg tgtggacctg ggggcagggg ccgagggaag gtgtaggcct gggggtagta 2520 

ggggctgagg gagagtgtgg acctgggagt aggggctgag ggagggtgta ggcctggggg 2580 

tgggggctga gggagagtgt ggacctgggg gtaggggctg agggagagtg tggacctggg 264 0 

ggtgggggtt gagggagggt gtggacctgg gggcaggggc tgagggagag tgtggaccta 27 00 

ggggcagagg ctgaagggga gtcacgggag gggacttctc cggaggtgga tttttgctct 27 60 

ctggacggtg tgtcagcact gggtgagccc ctcctgcctg cccaggctga gaggtctccc 2820 

tggcagcccc ctgggagtgt cgccagggcg ggcctggaag tttcccaggc agctggggtg 2880 

gagacctgac acatcccaag ggtgcttgtt attaaggctc aaggaaatgt ctctgaggcc 2940 
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tcaccgctcc 


tctccccagg 


gcctgctccc 


tgcaaagcat 


tgagaactga 


gtccgtccac 


3000 


agtcactgtg 


gacccaccca 


tccactgggg 


ctcagtggta 


gccagcaatg 


ccaggctggg 


3060 


tgaggtgggg 


ttggtgggca 


ccaccctggt 


ggacccccct 


ccaccctggt 


gtcgcagggt 


3120 


gtgtggctga 


gagcacagtg 


ccatgggctt 


gggcctcctt 


ggtggagtcc 


ccaacacact 


3180 


gctctggtcc 


tgggcctcgg 


ccttccccgt 


ctgcagtggg 


ggcccacagt 


gagcctacct 


3240 


cctggtggtg 


ttggtggatt 


tgctgacatg 


cctgagtgtt 


gacagggggc 


ttggtgcagg 


3300 


aagggctcag 


ggcgtgggtg 


ttggccaggg 


gtccaaaggg 


acctctgcct 


cagagagccc 


3360 


agcccagaca 


ggcaggatgt 


gcagtgggga 


aggggctgcg 


ggaaccctgc 


agggtccaga 


3420 


aggacacagt 


gcagtcctgt 


gggctctggg 


gaggctggtg 


gggaggaggt 


tgacaatgga 


3480 


tatctgggtg 


gggcacttgt 


tagaagttcc 


attttagaga 


ggaaagaggc 


cttgcctgtg 


3540 


ggagaaggca 


gctggggtag 


cctgacctct 


ttcccaggaa 


ggagcccaca 


cacacacgca 


3600 


caggcactca 


cacacacgaa 


tgtgcacaca 


cacacactcc 


caccttcaca 


cacactcaca 


3660 


ctcttgctgt 


ctcccttccc 


aagccaaggt 


gcgaggggga 


aggtctgggc 


agcatgcacc 


3720 


tgcgccctga 


ccgctttggg 


ggccagtgag 


aactgggctc 


cctgggtgcg 


cggcgggccc 


3780 


aagcagggag 


gacattgcag 


atgccctggc 


caagcagcgt 


ggaaatcctg 


tcccttgggt 


3840 


gggtctcgga 


gcctccatca 


gaggcggctg 


gcacctgaga 


cccacctgct 


gccaggagca 


3900 


gggcaggaga 


gtttgtgtcc 


cgggacaggg 


aactggcctg 


tgggagcctt 


gccttcctca 


3960 


tctgtgtaat 


ggatataaga 


gtcttctcct 


cgggggctgg 


ccagggagtc 


cagaagaggt 


4020 


gtcaccagtc 


cccgcaggga 


gaagagcggt 


gtcccccgcc 


tgggactggc 


tgctccccca 


4080 


agctaatgca 


gctggtagcc 


acctcccagt 


ggcagggcag 


ccaaacccgg 


ccgggaaaga 


4140 


gactgattag 


aagcctcgct 


cacgggtatt 


tctcgcttcc 


agacagcaca 


tgactgtcat 


4200 


ttggcacgtc 


tttcgccgtc 


cttccgggag 


aggggctgca 


accctggcag 


gcgctgtggg 


4260 


ggagggggct 


aggacatcct 


gtgcctggtt 


tcaccaagtg 


ggtgtgtgga 


ctttccctgg 


4320 


ctcccccagg 


ctgtctggct 


gcacagcttt 


ggggaaacgg 


ccactgggtc 


aagcgggccg 


4380 


agaagaggaa 


gtctgtggtt 


tgtctctgct 


acagactggc 


cccagtgagg 


ctgtccagca 


4440 


gtgcagggca 


cagagcaaaa 


gcagggaggt 


atgggcctac 


ttccccggtc 


gcccctgtgg 


4500 


ctggctgtgg 


ctctgccggg 


tgctgacaag 


tcactcgccc 


tccctgcggt 


caccagggtg 


4560 


catgcccgaa 


agccctccat 


tctttcctgg 


gtttgagggt 


ccttctcctg 


cacccacccc 


4620 


agcgcccagt 


tcagctcaac 


tttcagaaat 


ctggttcacc 


cccaatccct 


ttctcataac 


4680 



/ 
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tgcttccaag cccagacaag gagacagacc ccaaaagatc cctaccccta tttccgcacc 4740 
tgaaatcgca ccacgggaag agctttgctc atagagtcaa taaggcttag agtccaggcg 4800 
cctgtgcgag ggagcaggtc atcacccttg tacccaccgt ggttttagac aggaccctga 4860 
ggttggggtg gggctggggc tggagaggag ccaggtgccc tgccccttgc ttgggccccg 4 920 
tgtccctgtg atccaggctg ggcgtgctat gggtgctggg tgatattcca gccctgcagg 4980 
tgtccgcctt gttcccagca cccctctggg caagaagaac caggctctcc cagaaatggg 5040 
cttcagtgat ctccacttcc aagtcgtccc cacctgcctt gtaggacaca gtggtacctg 5100 
gtatgctggg cagccttcca ggaacctctg gacttactca gtgtccccca gccctacaca 5160 
ccattctttg tgtttctggg cccaaactaa gccccccaac ctgggctgca gagcaagtgc 5220 
tgaatcatga gagacccttg agggtcctcc aggtaggccc ccagtgctgg aggagtcccc 5280 
tcaggcaggg ggccacgccc aagggtgtgg aaggtcagct ggcagccgga tctcactttt 5340 
ggggctgtag gcttcctgca ctggccgcca atgccatggc cgtgggatgg ccaggataag 5400 
gcatctgccc cccaccccca ccccccgcac aaggtctttg agggctgcgg gctcaaggag 54 60 
ttggcggtag ggctggggga ccaggggcac agagcttgta agcgcctctc tccaggatgt 5520 
gggtggccca gcaggggagc tttgagagtc caggtgtgag attccaaatg ctaggggcct 5580 
gagaggaggg agccaccagc ttggccagag cctggtggat cacgccccca ccacgccttg 5640 
cccttctctc tggtcatgtg ctctcccacc acgtttggaa agttactgct tccctcttcc 5700 
tcagcccctc gggctcccag ttatggaagt ggcgtgattc agagaaggta aaggatggga 57 60 
gggagagggc tgggtgatgg gggaccccgc agggcgccct gtgctgttac atggagctcc 5820 
aggatcaggg caggtgggca gcctggggtc ctcacttctc tccccagcca ggccaggtcc 5880 
ctcacagccc tgccaggagc atgatatccg ctgcggtgca gaactaatct caaagctcaa 594 0 
acccaggtaa cagtgtaggt aaaacagatg acagggcatg agactcaccc caggacaggc 6000 
gaaggaccca ggccgatggg ggcccagaac agtcctgatc ctggagctcc ttcccgagtg 6060 
ggaccccagg ggtttccgag gggcttagag tagggcttag aggcttagag tagggctagg 6120 
gacttcctgg cttccctgcc tcgggaacag ctggtcctgg aaggggcttg gtcctcgggg 6180 
cactggtgcc caccacccct gatgcctggg agacaccagc atcctctgag catgtgtgcg 6240 
tcctcctggt cccgagggaa gtgactcctc acatccccca gctggcgggg ccagagggcc 6300 
agcatcctcg cctgacacct atttttagat gctgagacag gcggcttcct cggggccagg 6360 
ggccctgtga gtggagcttc cgcttcctgg cctaggagag aattcctgct cctcttccct 6420 
ccatgctgcc ttttcgcccc tggaggccac aacggggtca gaggggcagc tgctcaccac 6480 
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ctaggagggc 


ctgagagggc 


cctacgtcac 


ccagggagga 


gtctggcccc 


gtccccaacc 


6540 


tccacaccca 


ggcctggcac 


tgccccttct 


tggtgggcag 


agagtgaggg 


gttggcctgc 


6600 


agggacccag 


gctggagggg ccgttcacct 


ccggccccca 


gcgtcccttc 


ctggaagcac 


6660 


cttggtgagc 


ccctcccctc 


cttcacccag 


tatctccagg 


ggtacttcct 


cctttccttc 


6720 


ctgcctcagg 


gcctcactgt 


cctcctgggg 


agggtgtctc 


aggccccagc 


acctcccagt 


6780 


ggctgagccg 


aatgggcact 


tcccggtgtg 


tttcccatat 


gtgcagtccc 


taggtgtcgg 


6840 


tgagcaggca 


cagagcccgc 


agcgtggccc 


tgcctggtgg 


accccctccc 


caagagcatc 


6900 


aagggagggc 


ctggactaga 


gacacacaga 


tgcccagcct 


gtacgtaaag 


gcgggtgagc 


6960 


tgatgtacca tcgtcctcgt cccccactgg ggtgcctggg 


caggacttgg 


ggtgaccact 


7020 


tggcccgtct 


gggtgggggt 


aaggtatggg 


tggggcgacc 


agatccctgc 


cctttcctgc 


7080 


agctgtgggg gtgtgtgtgc tggcctggag agctcccacc cgaagttctg gctcctggct 


7140 


gtccggggcc 


tgcgggggca 


gcgagcagct 


ggcatgggta 


ggggagctga 


cctaggcctg 


7200 


cccgggcagc 


gcctgctgcc 


ttttgctccc 


tttcagctgc 


ttcttggaaa 


cagcggacag 


7260 


gctgggcagg 


aacccagtgt 


gcttggcagc 


ccccctttta 


aagtcgattc 


tgttatttat 


7320 


taattcccag 


gaaggagaaa 


gaaagaaaca 


atccttcata 


gagtacaaac 


actgctttta 


7380 


gtagccttgc 


aaggagccct 


ccaggaaccc 


cacaggttac 


ctgggctcca 


tcctgagagc 


7440 


caccctccat 


ccccaatccc 


cagcagagca 


tcttgtgggg 


tggggcggct 


tgtggggcgg 


7500 


ggcgccttgg 


gaggcggggt 


gtctcgggaa 


gcggggcgtc 


tcgggaggtg 


gggtggcttg 


7560 


tggggtgggg 


catttcctgg 


ggtggggcgt 


ctcgtggggt 


gggacagctt 


ggggggtggg 


7620 


gcatctcggg 


aggcggggcg 


tcttgtgggg 


tagggcggct 


tgtggggtgg 


ggcatcttgt 


7680 


ggggtagggc 


ggcttgtggg 


gtggggcatc 


ttgtggggtg 


ggacggcttg 


tggggtgggg 


7740 


catctcggga 


ggtggggcat 


ctctggggcc 


cggccacttg 


ggaggcgggg 


catcctgggg 


7800 


gcggggcatc 


tcagagggcg 


cctccggagg 


ctggagtatc 


ttgggaggtg 


ggagcaggtg 


7860 


gcagagaggc 


ttcccacagg tgagctttga gcagggaggt 


gcctgtatgg 


atggctctgt 


7920 


ggggagaggg 


gtgacaggag ttccagattc cggcacttat gaaacctcac agtgatggag 


7980 


agccgagtgc tgctgtgcag gctaagttgt gtgcatgtca gcttctgcac 


ttttatttcc 


8040 


ttgtttgtag 


acaaggcaga 


gagaagctga 


gatgggcctg 


aggtcgcctt 


ggtgaaaggc 


8100 


actcagcagc 


cagggccttg 


ggctgccctc 


cctcatcacc 


gtgaaagcgg 


gactctcttt 


8160 


taactgacat 


cgggctccat 


agttactcca gtcctaactt 


tgatggatcc 


taaaagtgca 


8220 
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cttctaagga cgcggcttcg 
tctgcctcgg aagaagttag 
acactggccc cggggagttc 
tttatttaga cgtgattgac 
ttttgacaaa tttatacccc 
ttgggatctc tgcttcctgc 
gggtgcacac agcatgcatt 
ctgttctgcc tctttgcttc 
cgtcgtctat gcacccgtgc 
acccgtgctg tggcgtgccc 
gcgtgcccgt cgtctgtgca 
tggcgtgccc gtcgtctgtg 
gccgggcagg gttgcaccca 
ccggtcagtg ggcatatggg 
atttgtgtac aagtcttgtg 
ggagcagctg ggtcatgtgg 
ctgccaaact gttattcaag 
gttgcctccc ccagcagcat 
gtgcgctcgg catgtggctg 
atctcttcat gtgctttttt 
tttgcccatc tttcaaagat 
gcatacgttc agggcacagg 
tgtctttcgc attcctgact 
ggcaggggca cctgtgcctt 
tccctcgtag gtggccctag 
agtgaccatc accaccattg 
gagagcttgg catggccccg 
ggcctctgcc cagtgcctgg 
gactacttct ggtagcctcg 
cggctgtccc tcccaccccc 
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gtgtttccca 


tgccgctgct 


tgcccctggg 


aagcgttggc 


8280 


cgccaagatg 


gcagcctggg 


gtctttgggg 


cccagaagaa 


8340 


agtcatcagg 


gacttaggat 


gtgggggctt 


ttcaaacagc 


8400 


acacagtaaa 


tacagatgtt 


taagggtaca 


acttggtaag 


8460 


cgtgaaacca 


tcaccaactc 


cccaggtgcc 


cctggggccc 


8520 


ccctcctccc 


cgtcccaggg 


caaccacggg 


ccgtcgctgt 


8580 


tcttcaacaa 


gcggactcag 


aaggcacttg 


cacatcgttg 


8640 


agcatgatta 


cccagaggcg 


cacccgtgcc 


gtggcctgcc 


8700 


tgtggcgtgc 


ccgtcgtctg 


tgtggcatgc 


ctgtctgtgc 


8760 


gtcgtctgtg 


tggcatgcct 


gtctgtgcac 


ccgtgctgtg 


8820 


cccgtgctgt 


ggtgtgcccg 


tcgtctgtgc 


acccgtgccg 


8880 


cacccgtgct 


gtggtgtgcc 


cttcgtctgt 


tccttttatt 


8940 


catgtgcaag 


ccagcgacgg 


accccaggtt 


cacccgttca 


9000 


ttgtttcagt 


ttggggcatt 


tacaagaaac 


gtgctagaac 


9060 


tgaacctaag 


ttcatttctc 


ttgggtaaat 


acctgtgcgt 


9120 


tgaatgtggg 


tttcactgct 


taagcagcag 


ttttacataa 


9180 


gtggctggac 


cgttttacag 


cccccgttgt 


atgcgtccca 


9240 


gtggtgtggt 


tggtcttttt 


cgtggcagcc 


agtccactgg 


9300 


cagcttgacc 


tgggtttcct 


ggtccctggc 


aaggtggagc 


9360 


gctgtgtgtg 


gatcttgcgg 


ggaagggtct 


gttcctgttt 


9420 


tgggttgcca 


gttttcttgc 


tgttgagttt 


ggaaagctct 


9480 


tcctttacca 


ggctctgccc 


caggtctttc 


ggagagcagg 


9540 


ctggggaacc 


tctagccctg 


ccacatgggg 


tttgttatgg 


9600 


tcccaccacg 


gggcttgggg 


atttggtgct 


gccattgccc 


9660 


gggggtccct 


ccgcctccgt 


ttcctcatcc 


agaaaccggc 


9720 


ttgtcaccta 


gctccagctc 


aaggtccctg 


ctgaaggtcg 


9780 


tttgtccatg 


ctagggctgg 


gaagaccaag 


gctcaggtga 


9840 


cactccttct 


tgccccattt 


ttccacccag 


ggtggctccc 


9900 


gggacagttg 


aggtggacag 


gctggcgtca 


cccccatttc 


9960 


tcctggccca 


gctgttctgc 


cctattaaaa 


gtcacatggg 10020 
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ccctcgggtc cttcctggtg ttggcccagg ctctttcagg ccctgcaggc caggaccagc 10080 
cttccctgca accctcggca gaggcctggg gccggggctt gtctaggggc agcctcccca 10140 
tacggccctg gagtctgaac agaagcccct tcccagagca cagcaagaag ctgcaacgtg 10200 
gcctgaagtc ccaccattag caggtttggg gtttaggctg agctttgcca tcactacctt 10260 
tctgttagga cggtatgccc attagatggg atcatcccct cagcgcccag gctagaggag 10320 
gggtggtccc tgcccagcca gggagggctg ggggtggatg ggcctctaca gagcagcttc 10380 
cgagccaggc acggttccat gatcagctct gttttataga gggggacact gaggaaccgg 1044 0 
gagcctgggg accttccagt ggccccacag ctcctgtggc tgagtcaggg tttgtcacca 10500 
ggcctctgtg gggatgaggc tcccccatcc acctgcccca ctctgtcctg gaacagctct 105 60 
caaaacggtc tctggaccac agtttcaaaa gaaaataagc aatgttttca aaggccctgg 10620 
aggaagccag agttaccacg gcaactctcg gcctcgccac ctcctcccgc caggctgcat 10680 
ctggagccag ctcaggaggg cagcagggtg aggacagcca ggctctctgg ggccaccccc 10740 
cagcccccac ccttcctgcc tctcctgcac tgtccacggc cctccctgtg ctcccacggg 10800 
tataatgggc acagaagaac caggagctgt ctgcccctgc aggattctgg aagccagggg 10860 
cccctggcct ccctggggcc ttgtcatgtg aggggcacac gtggggtccc agctgccaca 1092 0 
tggcttccag cgctgcccgc aggtgtatgt tgggcccttg gtgactctaa tgcaccttcc 10980 
actcggcaca gaagagcttc agtctggggc ctgggcgggg gaagtaggct gccatcctcg 11040 
ctaaaccaaa gtgtgaaaat tgagttgaaa ctcccatagg agggcaggag gcacagctcc 11100 
tcagaagaag gtctgagaaa ccacagccca ggttgttgtt tcgggtgtgt ggagaaggtg 11160 
ctctggcagt cctgctacag ggggaccatc aacagcccct ttggggtgag agccccgtgg 1122 0 
ctgctggcac cagcagcccc tatgaggctt attttatttt tgagacaggg tcttgctctg 11280 
tcaccgaggc tggagtgcag tggcacaatc ataactcact gtagcctcaa cctcctgagc 11340 
tcaagcgatc ctcctgcctc agcctccaaa ggtgctggga ttacaggcgc ttgctaccac 11400 
gcccagcccc ctctggcctt attgtttgcc aggcccagct caggtcccgg aggaggggag 11460 
acaggagtgt gagggaaagg gggaagaggt atagagcccc cagctcctcc acccacccga 11520 
accctcaccg aggccctaga ccctagaccg gcctgaccgg ggggtcctca ggccggggac 11580 
ttgggtgcag gccatggtgc tggggcctga agctcacgct ctgctgagca cagccccctg 11640 
cccaacccca ccctggggcc ctgcttccct ggccagggcc attggaacag gagtggggct 11700 
gtccaggtgg tgttcttggg tccagccctc agtttctctt ctgcagttga ccggcagccc 117 60 
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tgcatctgtg 


gtggggtcgg 


cgcctggtgc 


tggtgaggca 


aggcctcagc 


tgctgggaca 


11820 


ggacctgcct 


ggcacccagc 


tggtggcaga 


gccaagcatt 


ccgactcagc 


tctgggagca 


11880 


gctgccttct 


gggctggcat 


tctccgccag 


gggggttgtg 


ccctcgtggc 


cccccccggg 


11940 


tgcctcctca 


cctggctgat 


ttcatctcct 


gtccccctgc 


ctcctcctcc 


aggaagcccc 


12000 


cagggcctgg 


ccctccttga 


gagtggcatg 


gaggaggaag 


aagactcgcc 


caggcccatg 


12060 


ggagtcggat 


ggtggccgca 


cttgtggggc 


cctgacccca 


taggcttctt 


cagcacgccc 


12120 


tggcctgggt 


gatccctgcc 


tgagggctgt 


gcacggctca 


tctgccagac 


cagattttag 


12180 


gggattcttg 


tactgtcctc 


ctggagcagc 


agggggtaaa 


gcctgaccca 


cccagactgt 


12240 


ccagcaacaa 


gggcctcctg 


ctgtgggcca 


gggaccctgg 


aactgaccaa 


ttgtgtccta 


12300 


gggacgcaga 


gtccccaggc 


tgctagaggg 


ctgtggggcc 


ctgtttcatg 


cctgaagcag 


12360 


gaagaaaccc 


caggagaggt 


ctgaagggga 


cccagccccc 


accctgtcta 


gcagggagga 


12420 


gcctctgcaa 


gaggccgagg 


ggtgctgaag 


tggaggagga 


tagaggcagc 


aggactcagg 


12480 


gtcactggtc 


atttatgggg 


atcacacggc 


tgcagtgtgc 


cctgcatggt 


gctaggcacc 


12540 


agggacagca 


gaggacaagc 


ctgtgtcctc 


tcccaccacc 


agagggctgg 


gcactgcccc 


12600 


tagggagaga 


gggggccttg 


gtgtgtgcag 


aggggggcct 


ggggcacgtg 


cctggcctgg 


12660 


tcagatgatc 


agagtgggct 


gggctgggcc 


tggtctgggg 


cccagtctca 


agggcagacc 


12720 


ccacctggct 


agagttgatt 


gtgtgcacac 


cggatgaccc 


ggcgttgaag 


gcctctcctc 


12780 


tctgtgagcc 


tcatccccac 


ctgccagact 


cccagcacag 


cctgcttcct 


gccccagctg 


12840 


ctgagcgaca 


gcgctgggcc 


ggcttctgcg 


cgccccttcc 


cccagcccat 


cttggaaacc 


12900 


acagcagcgt 


ccttcctccc 


aagtcccttc 


ccagggctga 


catcccacag 


cagggatgta 


12960 


tcccacaaac 


cccgcaggcc 


ctggtgccta 


cagcttggcc 


tggtaacatc 


aaatcctacc 


13020 


ctctcctcct 


ggcagcaaag 


atggggtgcc 


cccaccccag 


agttctcagc 


acccccagac 


13080 


agaagcagtc 


ccccagcgac 


ctcagaactc 


ttggggcgct 


gccacaccct 


tgcaggaggg 


13140 


ggcagtgttc 


ctgggatgct 


caggtcctgg 


tatcacctct 


ggccagatac 


ggaaggtgaa 


13200 


actacagggc 


atccaattca 


ccttgaactt 


cagataaaca 


ccagattatt 


tttttgtatg 


13260 


■f- /i f-* /-~\ 4— /t/~i a ra 
LL-UL-y tyLdd 




aoaoutaCCC 


t aaagaagta 


x. tc ugutiti t.c 


atctgagagg 




cagatttaac 


cggcgtcccg 


tgtcttcctg 


gcagtcctgc 


cctggagtca 


cactccacag 


13380 


gtgcagggca 


gggccaggct 


ccaagtagat 


ggcggccaaa 


gcacccgccc 


catgctcctg 


13440 


actcccgggg 


ctcttcaggg 


cattgcgaaa 


accagcagca 


gagctgacac 


ctggtccctg 


13500 


ctcgggagcc 


agcaaggcag 


gaggctgctt 


aggccttgcg 


tgtggggtgg 


gcgcactccc 


13560 
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tgctgcagtg ctcttcgtac 


atgtgacact 


gttcccgctc 


tttcccagct 


ggctggaggc 


13620 


gtgatcctgg 


gtgtggccct 


gtggctccgc 


catgacccgc 


agaccaccaa 


cctcctgtat 


13680 


ctggagctgg gagacaagcc 


cgcgcccaac 


accttctatg 


taggtgagtg 


cacatgtggc 


13740 


cgcagacgca 


ttcagggagg 


gcttctagga 


ggaggcaggt 


cctagccttt 


tggatgggga 


13800 


catggagggt 


gaaagacagt 


cgggcatggc 


gtgtccgggc 


agggaggcgg 


ccctggaaag 


13860 


ggctctgggc 


acaagggttg 


agatggaggt 


gggcctgtgg 


cctgctggcc 


cttctggtct 


13920 


gagccagggc 


agggggtggc 


agctaggcct 


gggcagggac 


tgtgtggaga 


ccttgcttat 


13980 


tttaagtgtg gggttatttc 


gggggaggct 


ccctgagaag 


ggtggggctg 


gatgcctggg 


14040 


ccacacagag 


cagccgaggc 


agctggcgct 


gtggagcccg 


ggagggaggg 


agggatggag 


14100 


ctcaagggat 


ggaacccagt 


gaggggtgga 


gacggggcag 


gggaggggtg 


gagaggggtg 


14160 


gagacgcccc 


agaggcggtg 


tgactcagct 


gcccctgcag 


gcagctgcac 


cttgctgcct 


14220 


tattaggctg 


cgtgtggggg 


actgggctgc 


cctccctgcc 


cccaggagca 


ggagcaggag 


14280 


tgatggagga 


ggaggagggg 


aggggcaagg 


ccaggaggag 


gaggagggcc 


atctcactgt 


14340 


gcagagagca 


gcacccttcc 


• tcctggtgcc 


cctggcaggg 


ctggtgctgg 


tggggctctg 


14400 


ggagcatttg 


ttgagatgct 


tctggccttg 


aaaggaggcc 


cctgggatgg 


ctctgttgcc 


14460 


ctcacaggct 


gaggggtggg 


tgaggtgggc 


agcctgtgtg 


tccccagtcc 


tcagggcttc 


14520 


cctcagccgg 


caggtgcccc 


caggcctgga 


gctgcagggc 


caggccccct 


gccagttacg 


14580 


gaggctgctt 


ggcttggttg 


ctgaaccagg 


gccccaggag 


gccgaaatag 


ccccacacct 


14640 


gcgccgtccc 


acctctttgt 


ccagtcaccc 


cagggccagg 


tgagggccct 


ggccacacag 


14700 


cgtgcccgtt 


ccttcttccc 


catgccccgc 


tcatgggtca 


gagggccggt 


gctggggtcc 


14760 


agatggtgtc 


aacagggatg 


gtccctgtcc 


tccccagaga 


cagaagcctg 


tggcccacgg 


14820 


agggtttctg 


ggcccagccg 


atcctaggga 


gggtcccatg 


gccctgccca 


taggttcctg 


14880 


gcctctctcg 


gggccgtggt 


gccctcacag 


gtggtgtcag 


gaaggacggg 


aaaggctgct 


14940. 


tgtcccaggg 


gctcatgtgg 


agaccacccc 


ctgcacgcag 


ctggggcgct 


cctgcctgtg 


15000 


tcctcagaag cactcggctt 


agctttgccc 


atgtgcctgg 


gctgtgggtg 


gcagagcccg 


15060 


gccagcatcc 


tccgatctcc 


aagggtgcat 


ctctactgga 


ggcccctcct 


gggcctcttg 


15120 


ctccccgctt 


cccagatcat 


taggatattt 


ggggtccaga 


agggcctccc 


agccatcctg 


15180 


ggccttgtcc 


tccggggcca 


ccagtccagc 


cagtgacaac 


cacagcatcc 


ccggcctgga 


15240 


acgaggctgc 


ccccagcacg 


ttcctcgtac 


tcctgtccag 


ggacaggagg 


ggctgcccct 


15300 
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gccaccgagt 


ccccttctcc 


aggacctggg 


gcctgtgggt 


gtgaggcagg 


tgttcttgga 


15360 


aggggtcact 


ctccaggcac 


ccggcggcca 


aggcttgtgg 


ctggagcagc 


tcccgctgtg 


15420 


gggtcggcgt 


cgggccccgt 


gtggccggag 


aggagctgaa 


gggtcactta 


gcttcgggct 


15480 


ggggcgagga 


caggggacac 


cccagagagg 


tatgccaggc 


ctccttcctg 


cgccccactc 


15540 


tcggcagaag 


cagaggtcac 


aggctgtgct 


gaggccccat 


ggtgctgccc 


. ccatgatgcc 


15600 


agggtgaggc 


tggcgttgga 


agcaggtgtc 


tgacctgcat 


ggtgtcaccg 


tggccacatc 


15660 


agagctccag 


ccccagagcc 


gcccaccctc 


ggtccttggc 


tgtggtttcc 


ctgggctgga 


15720 


ggagcctgcc 


gttgtgttgg 


ccacacgacc 


acaggacctg 


ccacccccga 


cgtgggctct 


15780 


gcctgggccc 


ccactggaca 


gggacccctt 


ggagctcctc 


tggccaccaa 


gtcctcgccc 


15840 


attccagaat 


cggccttctg 


gagcctcttg 


ctgtccctga 


tgcgggctgg 


gccttgccaa 


15900 


gggctttttt 


tcctgcgccg 


ggaacagggt 


ggatttgctg 


ggctcactcc 


cctcagagac 


15960 


gctgcgggtg 


cggtgggtta 


ggcccaaggg 


cgttaagaga 


ggaggctggg 


gtggggctgg 


16020 


ggcctggcag 


ggggtctggc 


agccctgggc 


ctcccacctc 


ctgtcaggac 


caaaaaaggc 


16080 


aacgcgcctc 


tcctgacctg 


taccccggag 


tgaacccaac 


cttgcaaccc 


aggagtgtca 


16140 


gggcctgagg 


ggagggagac 


ctggctcctg 


ggtgccgtgc 


ccgtaaggag 


gtggccacct 


16200 


gcagggcatt 


cctggcagag 


gcttcatctg 


gccaggtagg 


aggctgggtg 


gccgagcccc 


16260 


aaatctgggt 


gtgttctctg 


cctggcggtg 


ggtcctgccc 


caggcacctt 


ctcctctggg 


16320 


ctggctgggc 


agggacaatg 


ggcctggctg 


cgaggagggg 


gcctgggctg 


ccttctgcat 


16380 


tgcctcggtg 


acgggagatg 


gcccctgcct 


gctgagggat 


aggggagtgg 


gcaggcagtg 


16440 


agagacactg 


acagctgtcc 


cgcgggtaca 


gggccctgtc 


tgggtggcca 


ggcccatgtc 


16500 


tcgggcccac 


agtgcgcccc 


ccacccttgg 


acggcgcctt 


ctccctcccc 


aggtgcatgc 


16560 


tgcccagcca 


gggagcgtgg 


gggagttcgg 


gagggctggc 


ctacacgccc 


tggtccagct 


16620 


gtcccaggtg 


gggtgctggg 


cttcagccct 


cagcccaggg 


cctaggaatc 


caacttgatc 


16680 


ctccccacac 


agcagccagg 


ttcaaatgca 


ggtcccgtaa 


cggaagtgct 


gctgtgcagc 


16740 


ccagattggg 


gggcaggagc 


cagcagggcc 


cccccaccct 


cttctcgcac 


cacactgggg 


16800 


aggcagcatt 


ggttccagtt 


ccggttcctg 


ggctgccctc 


tcaaccccgg 


cctacagtgg 


16860 


ggcccaccct 


gtgccttctg 


atgccactcc 


caccccacgc 


caagtcccag 


aggctttggg 


16920 


agcgggtgaa 


ggcggtgggt 


ggcgggtggc 


aggtgcaggc 


ggtgggtggt 


gggtgtggca 


16980 


ggtggcgggc 


cccaccgcag 


gtgtcatccc 


tgcgaagcac 


ctgtcgccag 


cactcagagc 


17040 


gctcatgagg 


tgcccagtcc 


ccatgtggcc 


tccttagtct 


ccgtcctgtg 


tcatggaaga 


17100 
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ggtaactgag 


gcacagaaaa 


ctcaccaggc 


caggctggga 


tgtgaggtcc 


cttgctgctc 


17160 


atccctggca 


gtcagcaacc 


ctacatcttc 


ccagctgggc 


ggcccgtggt 


gggttcggca 


17220 


cccaggaccc 


tccggggtct 


tgggctgtgg 


cgagtgtgta 


ggcacccacc 


tggtgtctct 


17280 


ctccccgcaa 


ggcatctaca 


tcctcatcgc 


tgtgggcgct 


gtcatgatgt 


tcgttggctt 


17340 


cctgggctgc 


tacggggcca 


tccaggaatc 


ccagtgcctg 


ctggggacgg 


taaggcaggg 


17400 


aggcgggcct 


gtgcctgggc 


cggggagggg 


ctgggggctg 


cgtctggccc 


tgaggagggg 


17460 


gcagagctgg 


tgctcagggc 


ggagcctaga 


attctggggg 


aggtggctcc 


tgtgccctgc 


17520 


ttttcccgtt 


tggtttttaa 


attaaatccc 


accgtgcttg 


gtctccatcg 


tggccagttc 


17580 


ctacgtgacc 


gcttttcttt 


gtcaaaaaat 


agccacaaat 


ataacaggga 


gcaagcctca 


17640 


gctctgaggc 


cagcctcggc 


gtcccgggca 


caccgccccc 


tgtgggaagc 


ccaggcctgg 


17700 


ctgtgccatc 


cagggcctgg 


ccagtccagg 


aagagggagc 


ctatgcccgt 


gtctccagtg 


17760 


ggggaaactg 


aggcagatcc 


catggctccc 


ccttccgtgg 


ggagcaggaa 


caagggggtg 


17820 


gggaagatca 


gtcaggggtc 


atgctgctgc 


acacgcctcc 


ctgggggctg 


cagacatcct 


17880 


ggactcacca 


gcctgtgacc 


ccaaaccaca 


cgccccgccc 


catccacccc 


gtcctgtgga 


17940 


gcctggtgcc 


gcgtggggac 


atcctgggct 


ttgacggctc 


ctccctgcgc 


tgagttttag 


18000 


cctctgtgcc 


ccagggctcc 


acacaagccg 


ctcactcctg 


gtcaggtcgt 


gggctggtgg 


18060 


ctcccactag 


cccctcacag 


acacgcctgc 


tgggcacctg 


ggtgtgtgtc 


cttgggcccc 


18120 


gcctacagcc 


tgccctcttt 


cctccctctg 


gccactgccc 


ggctccagtt 


cttcacctgc 


18180 


ctggtcatcc 


tgtttgcctg 


tgaggtggcc 


gccggcatct 


ggggctttgt 


caacaaggac 


18240 


caggtgagcc 


tgggtgtgca 


gggacagggt 


ggggtgggtg 


acgggggcac 


cctcctctcc 


18300 


tgtcgcgggt 


gggggttggg 


ctgactcatg 


gcttgtggga 


gctctttggg 


ctcttcctgg 


18360 


gtcccacttg 


ccaggaggat 


ctccaggggc 


tttatggagg 


aggcagcatt 


ggggctgagc 


18420 


accaggccag 


cctcccgtgt 


cccagcactc 


ccggggcagc 


tgagagtgca 


gagtccttgt 


18480 


cctctggggt 


ctagcctcga 


agccaccctg 


cccagggaga 


gcctgggaaa 


agtgcgtccg 


18540 


cctggggcgg 


ggcggggtgg 


gggcaaggag 


ggggaggttc 


cccctgtgca 


tgtgaccgca 


18600 


cccctccccc 


agatcgccaa 


ggatgtgaag 


cagttctatg 


accaggccct 


acagcaggcc 


18660 


gtggtggatg 


atgacgccaa 


caacgccaag 


gctgtggtga 


agaccttcca 


cgagacggtg 


18720 


cggccccggg 


gggcgagggc 


ggggagcagg 


gccccgggaa 


cccggcgggg 


tgtgtctcgt 


18780 


cctggatgaa 


tcctgcctac 


gcccagacct 


caggagcagg 


aggtgccctt 


gggacctcca 


18840 
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ggacccctgg 


tctcaactgg 


tcctcgggtg 


ggaacctagt 


gggccagggt 


ggcccagggt 


18900 


gcggaaagct 


ctgagcagcg 


cagctgagga 


ggaagaaggc 


tggcccctgg 


atgcattctg 


18960 


cagtggggag 


cgctgcgtac 


ccctggccac 


ctccccatgg 


gttccctaga 


gccaccgtcc 


19020 


ccctgggcac 


atccagggct 


gaccttgcac 


ccctgctctc 


tgcagcttga 


ctgctgtggc 


19080 


tccagcacac 


tgactgcttt 


gaccacctca 


gtgctcaaga 


acaatttgtg 


tccctcgggc 


19140 


agcaacatca 


tcagcaacct 


cttcaaggtg 


cgcgaggccg 


gtggggccgc 


gcctgacccc 


19200 


ccgcatgtcc 


cgcccctggg 


tggggtccta 


ggggtgggca 


ggtcacacgg 


cagccccaca 


19260 


gggagcgacc 


acactgggtg 


gcatggcccc 


tgtcagggct 


gctctgctgg 


gagggttggg 


19320 


gtgggaccgc 


atctggccca 


cgaggaaggc 


aggcgccctg 


tgctgcgcat 


tccgggtgaa 


19380" 


gaaggtggag 


gctctggggg 


gtgggaactc 


acctgcaccc 


ccagctccac 


gtgtgcactc 


19440 


gtgggtgtgg 


acgcccctga 


cagcctgtag 


ctggcagggc 


ctgcaggcca 


tatagtgccc 


19500 


tgtggaagtt 


tcctgctgag 


gcctcagtgg 


aagtcgtcat 


cagtgatgct 


ttaggggtct 


19560 


agtgacacca 


atgaccgtga 


tctcagtgga 


aaagggcaca 


gtgtgtecca 


ggcatttcgc 


19620 


gtttatgtta 


aaacgggtgg 


aagatagcaa 


gccggcagag 


gccgggccgc 


tgcacccgcc 


19680 


tgttccgagg 


tgggtagggg 


gtggggggct 


gttcccagga 


ttcccctcta 


cgctttctgt 


19740 


ggtgaccacg 


gattactgcg 


tgacaacggg 


aagccgggag 


ccgaggcccg 


gtccctgacc 


19800 


acgcgtgcct 


ggccacccct 


gcaggaggac 


tgccaccaga 


agatcgatga 


cctcttctcc 


19860 


gggaagctgt 


acctcatcgg 


cattgctgcc 


atcgtggtcg 


ctgtgatcat 


ggtgagcggg 


19920 


cgggggcgga 


gggcctgctc 


tctgggctgc 


cccttccgcg 


gggccttgtg 


ctgactgcgc 


19980 


cccccaccac 


cctcctgcag 


atcttcgaga 


tgatcctgag 


catggtgctg 


tgctgtggca 


20040 


tccggaacag 


ctccgtgtac 


tgaggccccg 


cagctctggc 


cacagggacc 


tctgcagtgc 


20100 


cccctaagtg 


acccggacac 


ttccgagggg 


gccatcaccg 


cctgtgtata 


taacgtttcc 


20160 


ggtattactc 


tgctacacgt 


agccttttta 


cttttggggt 


tttgtttttg 


ttctgaactt 


20220 


tcctgttacc 


ttttcagggc 


tgacgtcaca 


tgtaggtggc 


gtgtatgagt 


ggagacgggc 


20280 


ctgggtcttg 


gggactggag 


ggcaggggtc 


cttctgccct 


ggggtcccag 


ggtgctctgc 


20340 


ctgctcagcc 


aggcctctcc 


tgggagccac 


tcgcccagag 


actcagcttg 


gccaacttgg 


20400 


ggggctgtgt 


ccacccagcc 


cgcccgtcct 


gtgggctgca 


cagctcacct 


tgttccctcc 


20460 


tgccccggtt 


cgagagccga 


gtctgtgggc 


actctctgcc 


ttcatgcacc 


tgtcctttct 


20520 


aacacgtcgc 


cttcaactgt 


aatcacaaca 


tcctgactcc 


gtcatttaat 


aaagaaggaa 


20580 


catcaggcat 


gctaccaggc 


ctgtgcagtc 


cctcagtgcc 


agtggtgtct 


gagacctagg 


20640 
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ggttggccgg agggcagggg aatctgacat cggtggggct tggctctgtg gactctgtgg 20700 
ggtccagggt gagggtgggt gggtcgggat ccctggtgtt caccaaagga gtcactctgt 207 60 
aaaatttggg gagttattta ttctgagcca aatatgagca ccggtggcct gtgacacagc 20820 
cccaggtcct gagaacttgt gcccaaggcg gtctggctac ttaattgtat acattttagg 20880 
gacataggac attgatcatt acatctaaga tgtacgttgg tttagtcgga aaggtgggac 20940 
gatttgaagg ggagggactt tcaggtcata ggcggattaa aagatgttct gattaataat 21000 
tggttgattt tatctaaaga cctgaaatca atagaatgga ctatctgggt taagaggagt 21060 
tgtggagacc aagattatta tgcagatgaa gccgccagat tgtaaatgtt tcttatcaga 21120 
cttaaaaagg taccagaatc ttagttaatt ctctcctgga tcaggaaata gacctggaaa 21180 
gggaggggga ttctctatag aatgtagatt ttcccaagag acagctttgc agggccattt 21240 
caaaatacat cagagaaata tattttgggg taaaatactt cggtttcttt cagggcctgc 21300 
tgtcacgttg gtatcttatt actacagagt ctgttttgtg agtcttaagg tctttttatt 21360 
tttagacaga gttttgctct tgtcacccag gttggagtgc aatggcgtga tctcagctca 21420 
ctgcagcctc ccctccacct cccaggttca agcgattctc ctgcctcagc ctcctgagta 21480 
gctgggacaa caggcatgca c 21501 

<210> 12 

<211> 000 

<212> DNA 

<213> Homo sapiens 

<220> 

<400> 12 
000 



<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 13 

gcgcctttcc agcacaatgg 



<210> 14 
<211> 20 
<212> DNA 



WO 03/053342 PCI7US02/39182 

20 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



20 



<400> 14 

agccagccag aagacgaaat 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 15 

cctggctgag caggcagagc 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 16 

gcacttggtg cagccctcca 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 17 

ttgaagacga agagcaggta 20 



<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



<400> 18 



WO 03/053342 
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cgaaattgaa gacgaagagc 



<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 19 

gccagaagac gaaattgaag 



<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 20 

cctccagcca gccagaagac 



20 



<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 21 

ggatcacgcc tccagccagc 



<210> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 22 

cacagggcca cacccaggat 20 

<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



WO 03/053342 



22 



PCT/US02/39182 



<220> 

<223> Antisense Oligonucleotide 
<400> 23 

cttgtctccc agctccagat 20 



<210> 24 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 24 

gcctacatag aaggtgttgg 20 

<210> 25 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 25 

atgtagatgc ctacatagaa 20 



<210> 26 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Antisense Oligonucleotide 
<400> 26 

gatggccccg tagcagccca - 20 



<210> 27 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 



Sequence 



<223> Antisense Oligonucleotide 



<400> 27 

gtccccagca ggcactggga 



20 



WO 03/053342 



PCT7US02/39182 



23 



<210> 28 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 

<400> 28 

acctcacagg caaacaggat 20 

<210> 29 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 

<400> 29 

gttgacaaag ccccagatgc 20 

<210> 30 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 

<400> 30 

acatccttgg cgatctggtc 20 

<210> 31 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 

<400> 31 

gcttcacatc cttggcgatc 20 



<210> 32 

<211> 20 

<212> DNA 

<213> Artificial 



Sequence 
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<220> 

<223> Antisense Oligonucleotide 
<400> 32 

gaactgcttc acatccttgg 20 



<210> 33 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 

<400> 33 

tcatagaact gcttcacatc 20 



<210> 34 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 34 

cctggtcata gaactgcttc 20 



<210> 35 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 35 

gtcttcacca cagccttggc 20 

<210> 36 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



<400> 36 

cgtctcgtgg aaggtcttca 



20 



WO 03/053342 



25 



PCT7US02/39182 



<210> 37 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 37 

gggacacaaa ttgttcttga 20 



<210> 38 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 38 

gcccgaggga cacaaattgt 20 

<210> 39 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 39 

ccttgaagag gttgctgatg 20 



<210> 40 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 40 

ggcagtcctc cttgaagagg 20 

<210> 41 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 



WO 03/053342 



26 



PCT/US02/39182 



<223> Antisense Oligonucleotide 
<400> 41 

aggtacagct tcccggagaa 20 

<210> 42 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 42 

ccgatgaggt acagcttccc 20 

<210> 43 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 43 

caatgccgat gaggtacagc 20 

<210> 44 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 44 

atggcagcaa tgccgatgag 20 

<210> 45 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 45 

gcgaccacga tggcagcaat 20 



WO 03/053342 



PCT/US02/39182 



27 

<210> 46 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 46 

gatcacagcg accacgatgg 20 

<210> 47 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 47 

aggatcatct cgaagatcat 20 

<210> 48 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> \ 
<223> Antisense Oligonucleotide 
<400> 48 

agcaccatgc tcaggatcat 20 - 

<210> 49 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 49 

cagcacagca ccatgctcag 20 



<210> 50 
<211> 20 
<212> DNA • 

<213> Artificial Sequence 
<220> 



WO 03/053342 



<223> Antisense Oligonucleotide 
<400> 50 

tgccacagca cagcaccatg 

<210> 51 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 51 

ccggatgcca cagcacagca 

<210> 52 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 52 

ctgttccgga tgccacagca 

<210> 53 
<211> .20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<4,00> 53 

cggagctgtt ccggatgcca 



<210> 54 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 54 

gtacacggag ctgttccgga 



PCT/US02/39182 
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20 



20 



20 



20 



<210> 55 



WO 03/053342 
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29 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 55 

gggcctcagt acacggagct 20 



<210> 56 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 56 

gcagaggtcc ctgtggccag 20 

<210> 57 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 57 

tacacaggcg. gtgatggccc 20 



<210> 58 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 58 

tacgtgtagc agagtaatac 20 



<210> 59 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



WO 03/053342 



PCT/US02/39182 



30 



<400> 59 

aagtaaaaag gctacgtgta 



20 



<210> 60 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 60 

aggtaacagg aaagttcaga 20 

<210> 61 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 61 

catcagccct gaaaaggtaa 20 



<210> 62 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 62 

ctcatacacg ccacctacat 20 



<210> 63 
<211> 20 
<212> DNA • 

<213> Artificial Sequence 



<220> 



<223> Antisense Oligonucleotide 



<400> 63 

gcagaaggac ccctgccctc 



20 



<210> 64 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 64 

gagcaccctg ggaccccagg 20 

<210> 65 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 65 

aggcagagca ccctgggacc 20 

<210> 66 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 66 

gcgagtggct cccaggagag 20 

<210> 67 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 67 

ggccaagctg agtctctggg 20 

<210> 68 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 



<223> Antisense Oligonucleotide 



WO 03/053342 

32 

<400> 68 

gtgcagccca caggacgggc 

<210> 69 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 69 

gagggaacaa ggtgagctgt 



<210> 70 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 70 

cacagactcg gctctcgaac 

<210> 71 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 71 

aggcagagag tgcccacaga 

<210> 72 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 72 

gcatgaaggc agagagtgcc 



PCT7US02/39182 

20 



20 



20 



20 



<210> 73 
<211> 20 
<212> DNA 



WO 03/053342 



<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 73 

gtgttagaaa ggacaggtgc 

<210> 74 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 74 

tacagttgaa ggcgacgtgt 

<210> 75 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 75 

tgtgattaca gttgaaggcg . 

<210> 76 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 76 

acggagtcag gatgttgtga 

<210> 77 
<211> 20 
<212> DNA 

<213> Artificial Sequence ( 
<220> 

<223> Antisense Oligonucleotide 



PCT/US02/39182 
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20 



20 



20 



<400> 77 



WO 03/053342 

ttattaaatg acggagtcag 



34 



PCT/US02/39182 

20 



<210> 78 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
' <400> 78 

tccttcttta ttaaatgacg 20 

<210> 79 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 79 

agcgcaccca gtggactggc 20 

<210> 80 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 80 

ccaggcctct gccgagggtt 20 

<210> 81 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 81 

ggcctcagca cagcctgtga 20 

<210> 82 
<211> 20 < 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Antisense Oligonucleotide 
<400> 82 

acctccccca gaattctagg 

<210> 83 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 83 

aggtgaagaa ctggagccgg 

<210> 84 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 84 

ccaggctcac ctggtccttg 

<210> 85 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 85 

agcagtcaag ctgcagagag 

<210> 86 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



<400> 86 

gcccgctcac catgatcaca 



20 



WO 03/053342 
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<210> 87 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 87 

ctggctggtg gccggcaaag 

<210> 88 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 88 

gtaacaggaa agttcagaac 

<210> 89 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 
<400> 89 

tcagccctga aaaggtaaca 

<210> 90 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense Oligonucleotide 



<400> 90 

tttttgactg cacaggcctg 



20 



